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TEMPORAL RELATIONS IN PURE-TONE MASKING 
CHAPTER I 
INTRODUCTION
The phenomenon o f  masking occurs when one sound reduces the  
d e t e c t a b i l i t y  o f  an o th e r  sound. The sound producing the  masking e f f e c t  
i s  th e  masker and th e  sound being a f f e c te d  i s  th e  maskee.
The p rocess  o f  a u d i to ry  masking was descr ibed  during  the 
time o f  A r i s t o t l e .  A uditory s e n s a t io n  was though t to  depend on th e  
" a e r  in te rn u s "  o r  i n t e r n a l  a i r .
I f  i t  i s  s e t  i n t o  m otion, e a r  no ises  w i l l  r e s u l t .  
Such n o ise s  can , however, be covered by louder 
no ises  coming from the  o u ts id e  (3 ) .
This i s  ap p are n tly  th e  f i r s t  reco rd ing  o f  the  phenomenon o f  au d i to ry  
masking.
Masking i s  d e f in e d ,  t h e r e f o r e ,  as a reduc tion  in  the a b i l i t y  
o f  the  a u d i to ry  system to  p e rce iv e  the maskee in  the presence  o f  the  
masker. By measuring th e  th re s h o ld  f o r  the  maskee in q u i e t  and 
comparing t h a t  value  w ith  th e  th re s h o ld  ob ta ined  fo r  th e  maskee in  the  
presence  o f  a m asker, masking e f f i c i e n c y  i s  a s sessed .  For the purposes 
of t h i s  p aper ,  masking e f f i c i e n c y  i s  the  number o f  d ec ib e ls  the  maskee 
th re s h o ld  has been r a i s e d  by the  p resence o f  th e  masker.
1
2U ntil the  l a t e  1 9 5 0 's ,  masking e f f ic ie n c y  was g en e ra l ly  
con s id e red  t o  be in v a r i a n t  th roughout the  du ra tio n  o f  the  masking 
s t im u lu s  even though the  loudness o f  the masker was found to  decrease 
o v er  t im e. P r io r  to  1957, the only s tudy  which could  be in t e r p r e te d  as 
b e ing  a cha l lenge  to  the concept o f  the in v a r ia n c e  o f  masking was 
conducted  by Wever and Truman ( ^ )  in  1928. They used pure tones as 
bo th  th e  " f ig u r a i "  s ig n a l  (maskee) and "background" s ig n a l  (masker). 
T h e i r  experiment revea led  a decrease  (improvement) in  th re sh o ld  fo r  the  
" f i g u r a i "  tone during  the  f i r s t  two minutes o f  continuous background 
s t im u la t io n .  The r e s u l t s  could be in t e r p r e t e d  as a reduc tion  in  masking 
e f f i c i e n c y  during  the  p r e s e n ta t io n  o f  th e  "background" tone.
In June ,  1957, Samoilova p resen ted  a paper a t  the A coustic 
Conference in  Moscow. An English t r a n s l a t i o n  o f  h is  work was published  
in  1959 (41 ) .  The major emphasis o f  h is  r e p o r t  was on preceding 
(backward) masking and re s id u a l  (forw ard) masking and a comparison o f  
th e  magnitude and du ra tio n  o f  each . One o f  h is  g raphs ,  however, shows 
a curve which was ob ta ined  in  a sim ultaneous masking s i t u a t i o n .  This 
curve in d ic a te s  t h a t  p u re - tone  masking e f f i c i e n c y  changes over time 
when a maskee of b r i e f  d u ra tio n  i s  u t i l i z e d .
The r e s u l t s  o f  se v e ra l  i n v e s t ig a to r s  (1^ ,  6^ , 6^)
have e i t h e r  shown o r  have been i n t e r p r e t e d  as showing no changes fo r  
masking e f f i c i e n c y  over tim e. On th e  o th e r  hand, some experim enters 
( 2 3 , 41 , 4 2 , 53 , 56 , 58) have rep o r te d  f in d in g s  which in d ic a te  t h a t  
masking does change during  the course  o f  the  masker. Zwicker (65) 
r e p o r t s  t h a t  masking change occurs only when th e re  i s  a g r e a t  d i f fe re n c e  
between the s p e c t r a  o f  the  masker and maskee and t h a t  no temporal
3masking change i s  observed when th e  masker and maskee have s im i l a r  
frequency s p e c t r a .  Samoilova (41) and Z w islocki, e;t (68, 
have p resen ted  evidence co n tra ry  to  Zwicker's hypo thes is .  Samoilova 
observed an i p s i l a t e r a l  masking change w hile  using only p u re - tone  
s ig n a ls  f o r  the  masker and the maskee. A change in  c o n t r a l a t e r a l  
masking e f f i c i e n c y  over time has been rep o r te d  by Zwislocki and h is  
co-workers who a lso  employed p u re - to n e  s ig n a l s .  The c o n f l i c t i n g  
r e s u l t s  and conc lusions  among the  above masking s tu d ie s  in d i c a te  the 
need f o r  an in v e s t ig a t io n  o f  i p s i l a t e r a l  and c o n t r a la t e r a l  masking 
e f f ic ie n c y  over time when pure tones  a re  employed as both th e  masker 
and the maskee.
The prim ary goal o f  the  p re s e n t  s tudy  i s  to  in v e s t ig a t e  
temporal changes in  the  masking o f  a pu re - to n e  s ig n a l  and to  determine 
how the changes r e l a t e  to  sp read  o f  the  masking p a t t e r n .  A secondary 
aim i s  t o  compare masking e f f i c i e n c y  and masking p a t te r n s  f o r  i p s i l a t e r a l  
and c o n t r a l a t e r a l  maskers.
The n ex t  c h a p te r  encompasses a review o f  the  p e r t i n e n t  
l i t e r a t u r e  on a u d i to ry  masking w ith  d e t a i le d  emphasis on the  a r t i c l e s  
concerned with temporal changes in  masking e f f ic ie n c y .  Subsequent 
chap te rs  con ta in  a d e s c r ip t io n  o f  the  design and procedures used to  
conduct th i s  i n v e s t i g a t i o n ,  the  r e s u l t s  o f  the  study and a d iscu ss io n  
o f  the f in d in g s  r e l a t i v e  t o  prev ious r e p o r ts .
CHAPTER I I  
REVIEW OF THE LITERATURE 
In tro d u c t io n
Auditory masking occurs when one sound (the masker) i n t e r f e r e s  
w ith o r  reduces th e  d e t e c t a b i l i t y  o f  ano ther  sound ( th e  maskee). Mask­
ing iiidy be observed when th e  masker and maskee a re  p resen ted  to  the  
same e a r ,  o r  when they are  independen tly  p resen ted  to  the  opposite  ea rs  
o f  a l i s t e n e r .  The former case i s  commonly known as p e r ip h e ra l  masking 
and the  l a t t e r ,  as c e n t ra l  masker.
Although the terms p e r ip h e ra l  and c e n tra l  a re  used in  t h i s  
rev iew , the  more general terms i p s i l a t e r a l  and c o n t r a l a t e r a l  w i l l  be 
used in  d esc r ib in g  the  masking cond it io n s  in  the  p re se n t  s tudy . 
P er iphera l masking re q u ire s  t h a t  th e  two sounds s t im u la te  the  same 
cochlea and im plies  t h a t  the  masking takes  p lace  in the  pe r ip h e ra l  
mechanism. On th e  o th e r  hand, c e n t r a l  masking occurs when the masker 
s t im u la te s  one cochlea and the maskee s t im u la te s  the opposite  cochlea 
and im plies  t h a t  the masking occurs  a t  the  b ra in  stem le v e l  or above. 
Thus, c e n t ra l  masking occurs by i t s e l f  only when the sounds are i s o la t e d  
from one ano ther  by being below th e  level o f  in te r a u ra l  a t te n u a t io n .
A v a r ie ty  o f  sounds in c lu d in g  wide-band n o is e ,  narrow-band 
noise  and pure tones has been employed in  various combinations to
4
5explore  the phenomenon o f  masking. In the  p r e s e n t  s tu d y ,  only pure 
tones are  used as th e  masker and maskees, and masking p a t te rn s  o f  both 
i p s i l a t e r a l  and c o n t r a l a t e r a l  maskers w i l l  be e v a lu a te d .
P e r ip h e ra l  masking s tu d ie s  have been conducted by severa l 
in v e s t ig a to r s  t o  exp lo re  the  e x c i t a t io n  p a t t e r n  o f  a s tim u lus  in  the  
au d i to ry  system. T h e ir  f in d in g s  revea l t h a t  p e r ip h e ra l  masking is
h igh ly  frequency  s p e c i f i c  to  the  spectrum o f  the  masker and the
frequenc ies  a d ja c e n t  to  the masker (4 ,  6^ , 2^ ,
39 , 45 , 4 6 ^ , ^ ) .  The th re sh o ld s  o f  the  t e s t  s ig n a l s  most a f f e c te d  by 
th e  masker in c re a se  l i n e a r l y  w ith in c re a s e s  in  the  masker l e v e l ,  excep t 
a t  low masker l e v e l s  (6 ,^ 24, 25 , 55 ,^ 67^). As th e  masker leve l is  
in c re a se d ,  th e  masking p a t te rn  spreads more to  th e  frequenc ies  above 
the  masker than to  f req u en c ies  which are  below th e  masker (^ ,  6^ ,
22 , 24, 5 ^ ) .  Under c e r t a in  c o n d i t io n s ,  s u b je c t iv e  tones
can be p e rce iv ed  when pure tones a re  used as masker and maskee ( ^ ,  22^ , 
24, 46, # ) .
C en tra l  masking i s  measured by d e l iv e r in g  th e  masker and 
the maskee so  as to  s t im u la te  the  oppos ite  e a r s  o f  a l i s t e n e r .  
In v e s t ig a to r s  have shown t h a t  th e  magnitude o f  c e n t r a l  masking i s  q u i t e  
small (7 ,  8 ,  9 ,  10, J l ,  17, 18, 23, 31, M ,  55, 67 , 68 , 69)
and may in c re a s e  only s l i g h t l y  w ith  in c re a s e s  in  the  le v e l  o f  the 
masker ( J7 ,  5 ^ ,  68 , M ) .  I t  appears t o  be frequency s p e c i f i c
to  the reg ion  su rround ing  the  masker (%, £ ,  28» 33, 45, M ,  69 ).
Centra l masking has been a t t r i b u t e d  to  the  n eu ro lo g ic a l  in te rco n n ec t io n  
o f  the  two e a rs  in  th e  au d i to ry  system (2 ,  9.» 1Q.» 11» 1^» 12» 12»
6 8 , 69) and may re p re s e n t  a complex neu rop h y s io lo g ic  i n t e r a c t io n  
process ( M ) .
6Since the  m ajor purpose o f  the  p re s e n t  study is  to  i n v e s t ig a t e  
changes in  pu re-tone  masking e f f i c i e n c y  over t im e ,  the remainder of 
t h i s  ch ap te r  w i l l  in c lu d e  a review o f  those  s tu d ie s  which deal w ith  
temporal r e l a t io n s  in s im ultaneous masking.
Temporal R e la t io n s  in  Masking 
P e r iphe ra l  Masking
Four years  a f t e r  Wegel and Lane 's  ( ^ )  d e ta i le d  to n e -on -tone  
masking in v e s t ig a t io n ,  Wever and Truman (56^) p resen ted  data which 
dem onstrated  th a t  the th re s h o ld  f o r  one tone in  th e  presence o f  ano ther  
to n e  decreases  over a p e r io d  o f  s e v e ra l  m inutes. This decrease in  
th re s h o ld  may be cons idered  to  r e s u l t  from a decrease  in the  e f f i c i e n c y  
o f  the  masker during th e  t e s t  p rocedure .
Wever and Truman assumed t h a t  Wegel and Lane had used 
i n t e r r u p t e d  maskers and maskees in  t h e i r  experim ent. They suggested  
t h a t  the r e s u l t s  r e p re s e n te d  only the  pu lsed  maskee-pulsed masker 
c o n d i t io n  and hypothesized  t h a t  th re s h o ld  would change when both the 
masker and maskee are  p re se n te d  c o n t in u o u s ly .
In order to  i n v e s t ig a t e  t h i s  p o s s i b i l i t y ,  they used a su s ta in e d  
1000-Hz s ig n a l  f o r  the  "background" tone (masker) and a 2250-Hz s ig n a l  
f o r  the  " f ig u r a i"  tone (maskee). One th re s h o ld  was obta ined  f o r  the 
2250-Hz tone every 15 seconds by the  c l a s s i c a l  method of l i m i t s .  
Descending and ascending  th re s h o ld  c ro s s in g s  were a l t e r n a te d  and a 
t o t a l  o f  20 th re sh o ld s  were measured over a p e r io d  o f  f iv e  minutes o f  
continuous s t im u la t io n .  The two s u b je c t s  used in  the s tudy had 
re c e iv e d  p r a c t i c e  a t  th e  ta sk  p r i o r  to  the  c o l l e c t io n  of d a ta  in  the 
experim enta l s e s s io n s .
7A graphic  r e p re s e n ta t io n  d isp layed  the r e s u l t s  in i n t e n s i t y  
DLs over  time fo r  each o f  the  20 th re s h o ld s .  When each o f  the  10 
p a i r  o f  ascending-descending th re sh o ld s  i s  ave raged ,  i t  appears t h a t  
the  magnitude of masking reduction  over th e  f iv e -m in u te  p er iod  i s  
from 4 to  8 dB (us ing  1 D L 1 dB) with the  m a jo r i ty  o f  masking change 
o c cu r r in g  w ith in  th e  f i r s t  two minutes o f  s t im u la t io n .
Wever and Truman then compared th e se  measurements w ith  o th e rs  
o b ta in ed  in  e s s e n t i a l l y  the same manner excep t t h a t  the  "ground" tone 
was s u s t a in e d  fo r  fo u r  minutes p r io r  to  beginning th e  th resho ld  
d e te rm in a t io n s .  They made t h i s  comparison to  t e s t  two p o s s i b i l i t i e s  
which they  thought could account fo r  the change in  th re sh o ld  over time. 
F i r s t ,  they hypothesized  t h a t  a psychological p rocess  might be invo lved  
whereby the  " f ig u r a i "  tone was i n i t i a l l y  novel and gained an a t te n t io n a l  
advantage over the  s u s ta in e d  and monotonous "ground" to n e .  The second 
h y p o th e s is  was t h a t  an independent f a c t o r ,  such as sensory  f a t i g u e ,  
accounted  f o r  the masking red u c t io n .
This second in v e s t ig a t io n  revea led  a s l i g h t  decrease in  
th re s h o ld  (2 to  3 dB) during th e  f ive-m inu te  measurement period . The 
red u c t io n  was much le s s  than t h a t  observed in  the  f i r s t  experiment 
le a d in g  them to  conclude t h a t  both a t t e n t io n  and a u d i to ry  fa t ig u e  may be 
invo lved  in  the change in  th re s h o ld  observed du ring  c o n s ta n t  s t im u la t io n .
Although the  above s tudy  i s  in t e r p r e te d  in  t h i s  review as 
i l l u s t r a t i n g  masking change as a function  o f  masker d u ra t io n ,  the  f i r s t  
experim ent s p e c i f i c a l l y  designed f o r  such a purpose was rep o r ted  by 
H arr is  ( ^ )  in  1947. He performed a masking experim ent p re l im in a ry  to  
m easuring p i tc h  d isc r im in a t io n  in  n o ise .  Masked th re s h o ld s  were ob ta ined
8f o r  a 1000-Hz tone a t  the  beginning o f  and a t  f iv e -m in u te  in t e r v a l s  
during  a 20-minute exposure to  a 45-dB SL white n o is e .  The r e s u l t s  on 
10 s u b je c t s  showed no change in  the masking e f f e c t  o f  n o ise  f o r  the 
20-minute p e r io d .
Egan (19) confirmed th e  r e s u l t s  o f  H arr is  in  a more d e ta i le d  
s tudy  in  which the masked th re sh o ld  fo r  a 1000-Hz tone was measured 
in  the  p resence o f  90-dB SPL o f  w hite  n o ise .  Egan knew th a t  the  e a r  
dem onstrated measurable p e rs t im u la to ry  f a t ig u e  w ith th e  90-dB s ig n a l  
and sought t o  r e l a t e  the amount o f  fa t ig u e  to  the  amount of masking 
change. Masking and fa t ig u e  were rep ea ted ly  measured over a p er iod  o f  
seven m inu tes ,  and although the  e a r  fa t ig u e d  17 dB, masking was found to  
be in v a r i a n t .  In a l im i te d  follow-up experim ent, Egan p re sen te d  a 
1000-Hz tone  as the  masker and measured the th re sh o ld  f o r  a 1100-Hz 
s ig n a l .  Less than 1 dB o f  masking change was observed during  seven 
minutes o f  masking s t im u la t io n .  On the bas is  o f  th e se  s t u d i e s ,  Egan 
concluded t h a t  masking was independent o f  the loudness decrease which 
occurs du ring  c o n s ta n t  s t im u la t io n .
In 1956, Thwing (M ) used a masking techn ique  to  determine 
the  amount an e a r  would adapt during a su s ta in e d  1000-Hz, 70-dB SPL 
tone . The tone was p resen ted  f o r  s i x  minutes and w hite  no ise  was 
in troduced  in t e r m i t t e n t ly  and a d ju s te d  to  the leve l nece ssa ry  to  j u s t  
mask the  to n e .  With th i s  method, Thwing demonstrated t h a t  th e  no ise  
could be reduced by 6 dB during  the s ix  minutes o f  c o n s ta n t  s t im u la t io n .  
He in t e r p r e t e d  h is  r e s u l t s  as a measure o f  ad ap ta t io n  fo r  the  pure tone 
over the  t e s t  p e r io d .  The experim ent has a lso  been in t e r p r e t e d  by
9E l l i o t t  { ^ )  as dem onstrating a 6-dB reduction  in the masking e f f ic ie n c y  
f o r  a 1000-Hz pure tone over a p er iod  o f  s ix  minutes.
Samoilova, (4^) in  1959, s tud ied  backward and forward masking 
and, in  a d d i t io n ,  made a b r i e f  re fe rence  to  a simultaneous-masking 
c o n d i t io n .  During th e  p r e s e n ta t io n  of a 1000-Hz masking tone o f  
300-msec d u ra t io n ,  a 1380-Hz maskee was in tro d u ced .  The maskee 
du ra tio n  was 20 msec and i t s  r i s e  and decay times were s e t  to  preclude 
the  p roduc tion  o f  sw itch ing  t r a n s i e n t s .  The maskee was d e l iv e re d  a t  
va r ious  i n t e r v a l s  during the  course of the masker. His graph (F ig .  8 ,  
p. 15) shows th a t  masking e f f ic ie n c y  decreases 10 dB in  the  f i r s t  120 msec
o f  th e  masker and remains s t a b l e  th e r e a f t e r .
In 1962, Scholl repo rted  t n a t  the e a r  i s  h igh ly  frequency 
s p e c i f i c ,  b u t  t h a t  t h i s  p a t te r n  o f  s e l e c t i v i t y  i s  not in s tan taneous  
and re q u ire s  time to  develop. He s ta te d  t h a t  a t  the i n s t a n t  o f  onset 
o f  a sound, the  p a t t e r n  o f  e x c i t a t io n  in  the  e a r  i s  broad and unsharpened. 
As the  sound con tinues  to  s t im u la te  the e a r  over a period  o f  t im e ,  the  
e x c i t a t i o n  p a t te r n  becomes narrowed and th e  s e l e c t i v i t y  o f  the e a r  is  
enhanced. Scholl ob ta ined  q u a n t i t a t iv e  in form ation  t o  support h is  
hypo thes is  w ith  the  fo llow ing  masking experiment.
Two noise  bands s e p a ra ted  by a frequency gap and p o s i t io n e d  
on e i t h e r  s id e  of 2000 Hz were used as the masker. The gap was 
measured between the  upper c u t - o f f  frequency o f  the  lower frequency 
n o ise  band and th e  lower c u t - o f f  frequency o f  the upper frequency band.
The e f f e c t  o f  vary ing  the  width o f  the gap from 0 Hz to  1800 Hz was
in v e s t ig a t e d .  The masker had a du ra tion  o f  500 msec and was p re sen te d  
a t  an o v e ra l l  le v e l  o f  60 dB. The maskee was a 3-msec, 2000-Hz tone-
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p ip  w ith  1-msec r i s e  and decay t im es .  Thresholds fo r  the  maskee were 
measured f o r  various  frequency gaps in  the  masker under fo u r  temporal 
delay  c o n d i t io n s ;  masker o n se t  to  maskee o n se t  i n t e r v a l s  o f  3 msec,
10 msec, 50 msec and 300 msec. Curves were p lo t t e d  f o r  each o f  the four 
temporal delay p o s i t io n s  on a graph which was measured in  le v e l  o f  the 
maskee ( in  dB) by width of masker frequency gap ( A f ) .
Resu lts  o f  t h i s  experim ent in d ic a te d  t h a t  the  p a t te r n  of 
e x c i t a t i o n  fo r  th e  masker was co n s id e rab ly  w ider  (by 300 Hz) n ea r  the 
masker o n se t  than a f t e r  a p e r io d  o f  300 msec o f  s t im u la t io n .
Scholl performed an o th e r  experim ent in  which the  frequency 
gap between the masker no ise  bands remained c o n s ta n t  ( a t  750 Hz). 
Threshold  was m onitored f o r  a 2000-Hz tone  cen te red  between the  noise  
bands and d e l iv e re d  a t  various  de lays  w ith  r e s p e c t  to  th e  o n se t  o f  the 
masker. An i l l u s t r a t i o n  o f  the r e s u l t s  shows a masking reduc t ion  o f  
19 dB during  the  f i r s t  300 msec o f  masker d u ra t io n .
Experiments were a lso  conducted by Scholl to  determ ine i f  
t h i s  sharpening  in  the  au d i to ry  system was frequency s p e c i f i c .  In one 
phase ,  he p o s i t io n e d  two masker bands on e i t h e r  s id e  o f  a 6000-Hz tone 
t o  produce a frequency gap (between bands) o f  2100 Hz. Thresholds 
f o r  th e  6000-Hz maskee (3-msec d u ra t io n )  were measured a t  s e v e ra l  
temporal p o s i t i o n s .  The same paradigm was used f o r  n o ise  bands placed 
on e i t h e r  s ide  o f  a 500-Hz tone o f  15-msec d u ra t io n .
The r e s u l t s  again  showed a decrease  in  masking a t  both 
f r e q u e n c ie s .  Approximately 18 dB o f  reduc t ion  in  masking e f f i c i e n c y  
was measured f o r  the  no ise  masker around 6000 Hz. A decrease  o f  11 dB 
o f  masking was observed f o r  th e  masker p o s i t io n e d  on e i t h e r  s id e  of
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500 Hz. Scholl a t t r i b u t e d  the  7-dB d i f f e re n c e  in  the  amount o f  masking 
change p r im a r i ly  to  the  d i f f e re n c e  i n  th e  maskee d u ra t io n s ,  and not t o  
the frequency d i f f e r e n c e .  Since th e  6000-Hz maskee was 3 msec in  
d u ra t io n ,  t h i s  allowed the masking p a t t e r n  to  be sampled a t  more d i s c r e te  
i n t e r v a l s  than was p o ss ib le  f o r  the  15-msec, 500-Hz maskee.
Scholl concluded t h a t  th e  narrowing o f  the  e x c i t a t io n  p a t te rn  
in d ic a te d  by h is  experim ental f in d in g s  may r e s u l t  from physio log ical 
p rocesses  ( i n h i b i t i o n ) .  Since time i s  req u ire d  f o r  i n h ib i t i o n  to  occur, 
t h i s  tim e i s  r e f l e c t e d  as a change in  masking e f f i c i e n c y .
Osman and Raab (37) a t tem p ted  to  perform  a temporal masking 
experim ent in a u d i t io n  analagous to  a v isu a l  experim ent conducted by 
Crawford (^2 ) .  They u t i l i z e d  a w ide-band no ise  as the  masker and 
measured th re sh o ld s  f o r  0 . 1-msec c l i c k s  as a fu n c t io n  o f  the  temporal 
r e l a t i o n  between the n o ise  and the  c l i c k .  The th re sh o ld s  were obta ined 
a t  i n t e r v a l s  varying from 50 msec b e fo re  the  masker onse t to  10 msec 
a f t e r  th e  te rm in a t io n  o f  th e  masker. The no ise  b u r s t s  were presented  
a t  le v e l s  o f  6 0 - ,  75 -,  85- and 95-dB SPL and had d u ra tio n s  o f  10, lOO and 
500 msec.
R esu lts  from two s u b je c t s  are rep o r te d  t o  revea l "more or 
le s s  f l a t - to p p e d "  curves f o r  th e  v a r io u s  c o n d i t io n s .  Although the  
au thors  s t a t e  t h a t  " . . . n o  marked e l e v a t io n  o f  probe th re sh o ld  i s  
encoun te red  near  onset o r  t e r m i n a t i o n . . . "  they  do in d ic a te  t h a t  minimal 
on- and o f f - e f f e c t s  a re  r e f l e c t e d  i n  two o f  t h e i r  curves.
Wright (64 ) ,  in  1964, r e p o r te d  on backward and simultaneous 
masking and on how backward masking r e l a t e s  to  temporal summation. 
Thresholds fo r  1000-Hz tones o f  v a r io u s  d u ra t io n s  were measured in  th e
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presence o f  narrow-band n o ise  b u rs ts  o f  40, 60 o r  80 dB which were 
cen te red  a t  1000 Hz. The i n t e r v a l s  between th e  o n se ts  o f  the masker 
and th e  maskees were v a r ie d .  In some co n d i t io n s  the tone  onset preceded 
the n o ise  o n se t  and only a p o r t io n  o f  th e  n o ise  and to n e  overlapped 
in  tim e. In o th e r  c o n d i t io n s ,  t ru e  sim ultaneous masking occurred with 
the  tone o n se t  e i t h e r  c o in c id e n t  with o r  delayed from th e  masker on se t .
In a l l  co n d i t io n s  the  1000-Hz tone was te rm in a ted  p r i o r  to  the te rm i­
n a t io n  o f  th e  no ise .  In a second experim ent th e  th re s h o ld  fo r  a 10- 
msec, 1000-Hz tone was measured with th e  i n t e r v a l s  between the o n se t  of 
the  tone and onse t o f  th e  n o ise  being th e  same as those  used in the 
f i r s t  experim ent. The second experim ent,  however, d id  no t  include a 
s im ultaneous  masking c o n d i t io n .
In the s im ultaneous masking co n d i t io n s  o f  th e  f i r s t  experim ent, 
a th r e s h o ld  s h i f t  i s  noted as the  o n s e t - t o -o n s e t  i n t e r v a l  i s  inc reased .  
T h is ,  however, i s  a t t r i b u t e d  to  reducing the  d u ra t io n  o f  th e  maskee 
(temporal i n t e g r a t i o n )  and n o t  to  a change in masking e f f ic ie n c y  over 
tim e. Such a temporal change in  masking i s  u n l ik e ly  in  th i s  case s in ce  
the  d u ra t io n  o f  the maskee n ea r  masker o n se t  was from 300 to  500 msec.
A maskee o f  th i s  d u ra t io n  would extend beyond the  p o in t  (considered 
to  be 200 to  300 msec) where masking e f f i c i e n c y  ceases to  change s i g n i f i ­
c a n t ly  (23 ,  6^ , 6^ , 69 ).
In a subsequent in v e s t ig a t io n  in  1964, Wright (62 )^ extended 
the  experim ent to  f req u en c ie s  ou ts ide  th e  narrow-band n o ise  cen tered  a t  
1000 Hz. Thresholds f o r  t e s t - t o n e  f req u en c ies  o f  800, 1000, 1200 and 
1750 Hz were measured to  e v a lu a te  the  sp read  o f  the  backward masking 
e f f e c t  o f  th e  no ise .
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Although no sim ultaneous masking data  were p re s e n te d ,  Wright 
reached conclusions  from the  backward masking experiment which were 
i n t e r p r e t e d  w ith re sp e c t  to  sim ultaneous masking. He s t a t e s  t h a t  th e  
p a t t e r n  f o r  backward masking (with narrow-band n o ise )  appears f i r s t  
a t  th e  c e n t ra l  po rtion  o f  the  masker band and then spreads to  ad ja c e n t  
f re q u e n c ie s .  He then in f e r s  from h is  backward masking da ta  to  a s im u l­
taneous masking s i tu a t io n  and s t a t e s  th a t  the  simultaneous masking 
p a t t e r n  appears to  he . e s t a b l i s h e d  e i t h e r  before o r  a t  the  i n s t a n t  
t h a t  a masking sound i s  p re s e n te d ."  This conclusion t h a t  he has 
reached from a backward masking experim ent, im plies  t h a t  sim ultaneous 
masking i s  in v a r i a n t  over time.
Some ques tions  must be r a i s e d  concerning the  conclusions 
reached by Wright and how they  apply to  simultaneous masking. His 
f in d in g s  do reveal t h a t  backward masking i s  observed e a r l i e r  in  time 
and w ith  g r e a t e r  magnitude f o r  t e s t  frequencies  near  t h a t  o f  the 
masker. However, because o f  the  r a th e r  lengthy maskee du ra tions  
employed in  the  simultaneous masking cond ition  o f  h is  f i r s t  experim ent,  
and th e  f a i l u r e  to  in v e s t ig a te  sim ultaneous masking in th e  second 
experim en t,  W right 's  conclusions regard ing  the  sim ultaneous masking 
p a t t e r n  seem u n ju s t i f i e d .  S tatem ents  made r e l a t i v e  to  the  p a t te rn  
ob ta ined  in  simultaneous masking should  be based only on d i r e c t  
measurements o f  simultaneous masking.
In 1965, Zwicker (6 6 ) ,  re p o r te d  on severa l in v e s t ig a t io n s  which 
he undertook to  eva lua te  the  e f f e c t  o f  masking over tim e. In each c a s e ,  
the  masker was a w hite no ise  and the  maskees were e i t h e r  a 1000-Hz o r  
5000-Hz to n e ,  a w hite no ise  o r  a f i l t e r e d  n o ise .  He v a r ie d  sev e ra l
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param eters o f  th e  s ig n a ls  and o f  the masker to  ob ta in  a measure of 
"overshoot" ( t h i s  term , appears to  have been borrowed from v isua l 
masking and r e f e r s  to  the  inc rease  in  masking observed a t  the  onset 
o f  a masker compared to  s te a d y - s ta te  masking).
R esu lts  from Zw icker's work revea led  an overshoot of 2 to  3 
dB when a w h ite  no ise  pu lse  (2-msec o v e r fa l l  d u ra t io n )  was used as a 
maskee and was delayed in  time r e l a t i v e  to  the o n se t  o f  the masker.
With 2-msec maskees composed o f  f i l t e r e d  no ise  and varying 
in  bandwidth from 1 to  20 c r i t i c a l  bands cen tered  a t  4800 Hz, the 
overshoot p ro g re s s iv e ly  decreased (approxim ately  8 dB) w ith  increases 
in  th e  bandwidth o f  th e  maskees. For a 5000-Hz pu re - to n e  s ig n a l  of 
2-msec d u ra t io n ,  the overshoot was 12 to  13 dB. Zwicker concluded th a t  
very l i t t l e  o ve rshoo t was observed when masker and maskee have the same 
o r  s im i la r  b road  frequency sp e c t r a ,  but t h a t  i t  in c re a sed  ( to  as much 
as 13 dB) when th e  maskee was a tone and masker was a broad-band no ise .
In 1965, Zwicker (M ) repo rted  ano ther  s tudy  concerning over­
sh o o t  in  the  a u d i to ry  system. A fte r  reviewing the  in v e s t ig a t io n s  of 
t h i s  to p ic  (1 9 ,  63., ^ ) ,  he attem pted to  e x p la in  why overshoot
does n o t occur c o n s i s t e n t ly  in in v e s t ig a t io n s  o f  temporal masking 
r e l a t i o n s .  S ince  overshoot occurred when the frequency s p e c t r a  o f  the 
masker and maskee were d i f f e r e n t  (1 ^ ,  M ) , and d id  not occur (a t  
l e a s t  not s i g n i f i c a n t l y )  when the s p e c t r a  were the  same o r  s im i la r  
(37 , 61 , 66^), he suggested  th a t  overshoot was r e l a te d  to  d if fe re n ces  o f  
the  masking s ig n a l  s p e c t r a .
Zwicker then demonstrated t h a t  by decreasing  the bandwidth of 
a masker su rround ing  a 5000-Hz t e s t  s i g n a l ,  the  magnitude o f  the over-
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shoot decreased . He r e p l i c a t e d  th e  experiment by Scholl ( ^ )  and 
confirmed t h a t  an overshoot occurred  when the  th re sh o ld  o f  a t e s t  s ig n a l  
was measured w ith in  a frequency gap in  no ise .
Both Zwicker and Scholl dem onstrated overshoot under s e v e ra l  
experim ental c o n d i t io n s .  Zwicker, in d ic a te d  t h a t  the au d i to ry  system  
e x h ib i t s  "normal overshoot"  only under c e r t a in  s ig n a l  c o n d i t io n s .  He 
rep ea ted ly  d isag ree d  w ith  S c h o l l 's  h y p o th e s is ,  t h a t  the  p a t te rn  o f  
e x c i t a t io n  r e q u ire s  time to  sharpen and may r e s u l t  from n eu ro lo g ica l  
i n h i b i t i o n ,  and in  one p o r t io n  o f  h i s  a r t i c l e  concluded t h a t  e x c i t a t i o n  
in  the hea r ing  mechanism i s  produced almost immediately and does n o t  
change as a fu n c t io n  o f  on-time o f  the  masker.
I t  i s  paradox ica l t h a t  in  ano ther  s e c t io n  o f  Zw icker's  a r t i c l e ,  
the fo llow ing  s ta te m e n t  i s  found:
However, th e  experim ental r e s u l t s  a re  c o n s i s te n t  
w ith  th e  id e a  t h a t  the s e l e c t i v i t y  o f  the  e a r  
may be achieved through an in c re a se  o f  the  b a s i l a r -  
membrane s e l e c t i v i t y  o r ig in a t in g  in  l a t e r a l  
in h i b i t i o n  p rov ided  th a t  l a t e r a l  i n h i b i t i o n  
in v o lv es  only  a simple co n f ig u ra t io n  a t  the very 
e a r l y  s t a t i o n s  n e a r  the rece p to rs  and re q u ire s  
very  l i t t l e  time to  occur.
Zwicker r e p o r te d ,  however, t h a t  th e  above p o s s i b i l i t y  was d o u b tfu l .
He f i n a l l y  a ttem pted  t o  a t t r i b u t e  overshoot to  a s t ro n g  mechanical 
f i l t e r i n g  p ro c e ss .  The p rocess  i s  composed o f  the d isp lacem ent o f  the  
b a s i l a r  membrane and o f  th e  s t im u la te d  h a i r - c e l l  p a t te rn  arrangem ent. 
However, he f a i l e d  to  ex p la in  how such a process fu n c tio n s  during the  
period  o f  overshoo t.
E l l i o t t  (23) in  1965, p re sen te d  h e r  d e ta i le d  work in  
s im ultaneous masking. Wide- and narrow-band n o ises  were used as maskers
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of p u re - to n e  s ig n a l s .  In one experim en t,  she measured th re sh o ld s  fo r  
a 5- o r  10-msec, ICOO-Hz tone in the  p resence o f  a wide-band n o ise .  All 
r i s e  and decay times f o r  th e  maskers and s ig n a l s  were rep o r ted  to  be 
1 .8  msec. Maskees were d e l iv e re d  a t  v ar ious  delays r e l a t i v e  to  the 
onset o f  th e  masker. E leva ted  masking was observed n ea r  the on se t  and 
te rm in a t io n  of the  masker when masker d u ra t io n s  ranged from 100 to  1000 
msec. Overshoot was as much as 10 to  15 dB a t  the o n s e t ;  however, a t  
the o f f s e t ,  the overshoot appeared to  be somewhat l e s s .  When masker 
d u ra tio n s  were le s s  than 100 msec, on se t  overshoot remained the  same, 
however, no overshoot was found a t  o f f s e t .
E l l i o t t  a l so  r e p l i c a t e d  the  s tudy  o f  Osman and Raab (3 7 ) ,  
and r e p o r te d  t h a t  h e r  f in d in g s  were c o n s i s te n t  with t h e i r s .  She 
hypo thesized  t h a t  ov e rsh o o t i s  due to  general neura l " o n - e f f e c t s " and 
would l i k e l y  occur a t  o th e r  f r e q u e n c ie s .  She then s tu d ie d  the e f f e c t  
o f  vary ing  the frequency  o f  the  t e s t  s t im ulus  w ith in  and around a narrow­
band masking n o is e .  Various maskee f req u en c ies  were used with masker 
bands which were cen te re d  a t  250, 1270 and 2550 Hz. Overshoot was 
g e n e ra l ly  le s s  f o r  f re q u e n c ie s  w ith in  the  band then f o r  those  which 
were j u s t  o u ts id e  o f  i t .
An a t tem p t was a l s o  made by E l l i o t t  t o  determ ine i f  overshoot 
was frequency  r e l a t e d  when a wide-band masker was adm in is te red .  Pure- 
tone maskees ranged in  frequency from 200 to  6000 Hz. Results  showed 
t h a t  more overshoot occurred  a t  h ig h e r  f req u en c ies  than a t  lower 
f re q u e n c ie s .  Two o f  th e  th re e  s u b je c t s  f a i l e d  to  dem onstrate overshoot 
below 1000 Hz w hile  th e  t h i r d  s u b je c t  e x h ib i te d  s l i g h t  overshoot down to  
200 Hz.
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E l l i o t t  sugges ted  t h a t  S c h o l l 's  h y p o th e s is ,  t h a t  the p a t te rn  
o f  e x c i t a t i o n  narrows over t im e , may be o p e ra t io n a l ly  synonymous w ith  
Z w icker 's  "normal o v e rsh o o t ."  Since both Scholl and Zwicker ob ta ined  
masking overshoo t th e  only reason fo r  t h e i r  disagreem ent appears  to  be 
th e  cause o f  the  o vershoo t.  E l l i o t t ' s  f ind ings  a lso  appeared to  concur 
w ith  S c h o l l ' s  h y p o th e s is .
C r i t i c i s m  should  be ra is e d  a t  th i s  p o in t  r e l a t i v e  to  the  use 
o f  b r i e f  s ig n a l s  w ith  ex trem ely  f a s t  r i s e  and decay t im es .  Scholl (4 2 ) ,  
Zwicker (6 5 , 66) and E l l i o t t  ( 23) have employed r i s e  and decay times 
f o r  t h e i r  s i g n a l s  which were extremely f a s t  f o r  the t r a n s d u c e rs  used. 
Zwicker (6 6 ) i l l u s t r a t e d  h i s  maskee envelope w ith  1-msec r is e -d e c a y  
tim es as i t  appeared on an o sc i l lo sco p e  p r io r  to  t r a n s d u c t io n .  He 
a p p a re n t ly  d id  n o t  examine the  aco u s tic  output from the  t r a n s d u c e r  and 
was p o s s ib ly  unaware o f  the  p o te n t ia l  t r a n s i e n t  energy accompanying 
such a s ig n a l .  E l l i o t t  u t i l i z e d  1.8-msec r i s e  and decay times which 
were a l s o  too  b r i e f  a t  some frequencies  f o r  the  earphones used. Wright 
(6 0 , 6 3 ) has r e p o r te d  on the  e f f e c t s  of s im i la r  energy p u ls e s  s e n t  to  
t r a n s d u c e rs  and has subsequen tly  used 10-msec r i s e  and decay times f o r  
th e  s ig n a l s  in  h i s  s tu d ie s  (62 , 64).
Dirks and N orris  (1Æ) in 1966, conducted a masking experiment 
which used both m onotic and d ic h o t ic  co n d i t io n s .  In the  monotic p o r t io n  
o f  the  experim en t th re s h o ld s  f o r  frequenc ies  a t  250, 1000 and 4000 Hz 
were measured in  the  presence  o f  a wi de-band n o ise .  The e f f e c t s  o f  
th re e  temporal r e l a t i o n s  o f  th e  masker and the maskee were in v e s t ig a te d  on 
no rm al-hear ing  s u b j e c t s .  One condition  req u ired  the masker and maskee to  
be s im u ltan eo u s ly  p u lsed  (P-P) while f o r  ano ther  cond it ion  the masker
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and maskee were p resen ted  con tinuous ly  to  the l i s t e n e r  (C-C). A th i r d  
cond ition  in  which the  maskee was pulsed  and th e  masker was continuous 
(P-C) was a l s o  s tu d ie d .
The r e s u l t s  o f  t h e i r  s tudy  i l l u s t r a t e d  t h a t  in  the  P-P cond ition  
masking was more e f f e c t i v e  than in e i t h e r  the C-C o r P-C c o n d i t io n s .  
Masking magnitudes in  the  C-C and P-C conditions were g e n e ra l ly  compa­
ra b le  to  one ano ther .  The e f f e c t iv e n e s s  o f  the P-P cond ition  was 
found to  in c re a s e  w ith  r e s p e c t  to  th e  o th e r  conditions when h ig h e r  masker 
f requenc ies  were u t i l i z e d .
Wilbanks (58 ) in  1967, rep o r te d  an experiment on temporal 
r e l a t io n s  in  masking. He used as a maskee a 250-Hz tone o f  50-msec 
dura tion  w ith  r i s e  and decay times o f  10 msec. The masker was a 
f i l t e r e d  wide-band no ise  which extended down in frequency from 3000 Hz. 
In te rv a ls  between the masker on se t  and maskee o n s e t  ranged from 0 to  
150 msec a t  i n t e r v a l s  o f  25 msec. His data  i l l u s t r a t e d  a red u c t io n  in  
masking ov er  time o f  approxim ately  Ih  dB. The r a th e r  lengthy  s ig n a l  
used by Wilbanks may account f o r  the  masking change being  so sm a l l .
S tud ies  have been conducted using numerous types o f  au d i to ry  
s ig n a ls  to  determ ine i f  temporal r e la t io n sh ip s  between the  masker and 
maskee a f f e c t  the  magnitude o f  p e r ip h e ra l  masking. Some in v e s t ig a to r s  
(18, 23, 5^ , 56 , 5 8 ,)  have observed these changes in  masking,
whereas o th e rs  ( IS ,  29, 62^, M ) ,  have f a i l e d  t o  ob ta in  temporal
masking e f f e c t s  in  t h e i r  experim en ts .  Zwicker (65 )^ has a t tem pted  to  
r e c o n c i le  th e se  d i f f e re n c e s  by su g g es tin g  that the frequency s p e c t r a  o f  
the masker and maskee may determine the presence o r  absence o f  temporal 
masking changes. As y e t ,  a d e f i n i t e  answer is no t apparen t regard ing
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whether masker and maskees w ith  s im i la r  s p e c t r a  m an ifes t  temporal 
masking changes.
C en tra l  Masking 
In 1961, Sherr ick  and Mangabeira-Albernaz (4^) conducted an 
in v e s t ig a t io n  to  determine i f  the  au d ito ry  system demonstrated co n tra ­
l a t e r a l  masking as S herr ick  (44) had found w ith  cutaneous s t im u la t io n  
in  a v i b r o t a c t i l e  experim ent.
The f i r s t  phase o f  t h e i r  s tudy was to  measure th re sh o ld  f o r  
pure tones a t  octave i n t e r v a l s  from 250 to  4000 Hz during the p resence 
o f  e i t h e r  a pu lsed  w hite  n o ise  o r  a continuous white n o ise .  The maskers 
and maskees were p re sen te d  e i t h e r  in  monotic o r  d ic h o t ic  c o n d i t io n s .
The maskee was pulsed a t  a r a t e  o f  one p e r  second and had a 5 0 -p e r  cen t  
duty c y c le .  When th e  n o ise  was pu lsed ,  i t  was p resen ted  s im ultaneously  
with the  maskee. The p u lsed  masker cond ition  was demonstrated to  be 
more e f f e c t i v e  fo r  both th e  monotic and d ic h o t ic  cond it ions .
The second and t h i r d  phases o f  the  in v e s t ig a t io n  revea led  t h a t  
both monotic and d ic h o t ic  masking were frequency s p e c i f i c .  They employ­
ed a 40-dB SPL narrow-band n o is e  cen te red  a t  4000 Hz as a masker.
Thresholds f o r  1000- and 4000-Hz p u re - tone  maskees were measured in  the
presence o f  both s tead y  and pu lsed  i p s i l a t e r a l  and c o n t r a la t e r a l  masking. 
Masking was no t  observed f o r  th e  1000-Hz tone under any masking
co n d i t io n .  For the  4000-Hz tone under the  monotic masking c o n d i t io n ,
the  pu lsed  masker produced 4 .3  dB more masking than the  s tead y  masker. 
Under the c o n t r a l a t e r a l  masking cond ition  (c e n t r a l  masking), 1 .93 dB of 
masking was measured in  th e  presence of the  continuous masker and 4.71 
dB o f masking r e s u l t e d  from th e  pulsed masker.
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They a lso  used a 1000-Hz pure tone as a masker and monitored 
th re sh o ld s  under the same co n d i t io n s  f o r  p u re- tone  maskees rang ing  from 
500 to  1100 Hz. The r e s u l t s  revea led  th a t  under the s teady  d ic h o t ic  
masking c o n d i t io n ,  n e g l ig ib l e  c e n t ra l  masking was ob ta ined  a t  a l l  
f req u en c ie s .  For the  pu lsed  masker c o n d i t io n ,  c e n t r a l  masking in c re a s e d  
to  as much as 12 to  13 dB as the  maskee frequency approached t h a t  of 
the masker.
A f in a l  experiment performed by S herr ick  and Mangabeira- 
Albernaz was t o  e s t a b l i s h  the  r e l a t io n s h ip  between th e  masker le v e l  
and th e  amount of masking observed . Narrow-band and wide-band masking 
n o ise s  were p resen ted  a t  50-t o  90-dB SPL in  10-dB i n t e r v a l s .  There 
were only s l i g h t  in c re a se s  noted  i n  c o n t r a la t e r a l  masking w ith in c re a s e s  
in  the  masker leve l u n t i l  the  masker energy reached a level where i t  
d i r e c t l y  a f f e c te d  the maskee e a r  by way o f  c ross  conduction.
Dirks and Malmquist (17 )^ rep o r ted  on the  masking e f f i c i e n c y  
o f  a c o n t r a la t e r a l  masker. They used e i t h e r  pulsed o r  continuous 
pu re-tone  maskees o f  250, 1000 and 4000 Hz. Thresholds were measured 
in  the  presence o f  a c o n t r a l a t e r a l  narrow-band no ise  masker cen te red  
a t  4000 Hz which was d e l iv e re d  a t  e i t h e r  5 0 - ,  70- o r  90-dB SPL. The 
masker was d e l iv e re d  v ia  an i n s e r t  r e c e iv e r  and was e i t h e r  p u lsed  w ith  
the  maskee or p resen ted  con tinuously .  They found t h a t  the g r e a t e s t  
c e n t r a l  masking was o b ta ined  e i t h e r  when th e  masker and maskee were 
pu lsed  s im ultaneously  (P-P) o r  when they were both p resen ted  con t inuous ly  
(C-C). In a d d i t io n ,  they  confirmed th e  r e p o r t  by S herr ick  and 
Mangabeira-Albernaz t h a t  l e s s  masking occurs when the  maskee i s  pu lsed  
and the  masker i s  continuous (P-C).
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C entra l masking was found to  in c re a s e  w ith the  lev e l  o f  the  
masker. A th re s h o ld  s h i f t  o f  4 .08 dB was recorded  f o r  a 4000-Hz tone 
in  the p resence o f  th e  50-dB SPL pu lsed  masker. When the  masker was 
p re sen te d  a t  70- and 90-dB SPL, the  c e n t r a l  masking in c reased  to  6 .08 
and 8 .33  dB.
E l l i o t t ' s  experim ent (Z^). d iscu ssed  p re v io u s ly ,  d e a l t  
p r im a r i ly  w ith  monotic masking. D icho t ic  masking, however, was a lso  
in v e s t ig a te d  and masking e f f e c t iv e n e s s  was determined under severa l 
temporal de lay  c o n d i t io n s .  The masker was a narrow-band noise cen te red  
a t  e i t h e r  250, 1270 o r  2500 Hz. I t  was p resen te d  a t  a lev e l  o f  70-dB 
SPL fo r  a du ra tio n  o f  500 msec. The 10-msec p u re- tone  maskees were 
lo c a te d  a t  s e v e ra l  f req u en c ie s  both w ith in  and o u ts id e  the  frequencies  
o f  the  masker bands. Temporal delays between the  masker onse t and 
maskee onset of 5 msec and 300 msec were in v e s t ig a t e d .  E l l i o t t  found 
t h a t  overshoot (cons ide red  as th e  d i f f e r e n c e  in  th re sh o ld  between the 
5-msec delay and 300-msec delay) occurred  a t  a l l  th re e  frequency reg io n s .
Approximately 4 dB o f overshoo t was measured f o r  a l l  frequenc ies  
from 200 to  1000 Hz f o r  th e  n o ise  band c e n te re d  a t  250 Hz. For the 
two h ig h e r  frequency mdskers, very l i t t l e  overshoo t (1 to  2 dB) was 
observed f o r  frequenc ies  w ith in  the  s p e c t r a  o f  the  masking bands while 
f o r  f requenc ies  j u s t  o u ts id e  the bands, as much as 5 dB o f overshoot 
was dem onstrated.
As mentioned in  th e  p reced ing  s e c t io n  o f  t h i s  c h a p te r ,  Dirks 
and Norris  ( 17) in v e s t ig a te d  temporal r e l a t i o n s  in  c e n t ra l  as well as 
p e r ip h e ra l  masking. The e f f e c t s  o f  th r e e  temporal cond itions  (P-P,
P-C and C-C) were ex p lo red .  Masking p a t t e r n s  were ob ta ined  fo r  pure-
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tone  masker f req u en c ies  o f  1000 and 4000 Hz. Pure-tone maskees from 
800 to  1200 Hz were used t o  d e f in e  the  p a t t e r n  fo r  the 1000-Hz masker.
The p a t t e r n  f o r  th e  4000-Hz masker was determined with maskees ranging 
from 2400 to  5600 Hz.
Temporal e f f e c t s  were observed fo r  both masker f req u e n c ie s .
The C-C co n d i t io n  produced the  most c e n t r a l  masking (from 4 to  16 dB), 
and the  P-C c o n d i t io n  y ie ld e d  th e  l e a s t  masking (from 1 to  4 dB). The 
P-P co n d i t io n  r e s u l t e d  in  in te rm e d ia te  va lues .
In 1967, Z w islock i,  Damianopoulos, Buining and Glantz (M ) 
r e p o r te d  on c e n t r a l  masking as a fu n c t io n  o f  various s ig n a l  param eters . 
T h e ir  experim ent was the f i r s t  to  s p e c i fy  and measure masking change a t  
d i s c r e t e  p o in ts  du ring  the decay p e r io d  from masker onse t to  the  s tead y -  
s t a t e  masking c o n d i t io n .  These measurements were made with pure tones 
used as both the  masker and maskee s ig n a l s .  The masker was a 1000-Hz 
tone d e l iv e re d  t o  the  l i s t e n e r  a t  60-dB SL through an Audi vox 9-C 
r e c e iv e r  connected to  a s o f t  s e m i - in s e r t  t i p .  This arrangement was 
used to  fu n c t io n a l ly  in c re a s e  i n t e r a u r a l  a t te n u a t io n .  The masker was 
250 msec in  d u ra t io n  and was p re se n te d  once every  second. The maskee 
v a r ie d  in  frequency  from 250 t o  3000 Hz and c o n s is te d  o f  tone b u r s ts  with 
an approxim ate Gaussian envelope and a du ra tio n  o f  10 msec measured 
between the  ha lf-p o w er  p o in t s .  The o n s e t  o f  the maskee was delayed with 
r e s p e c t  to  the  masker onse t by from 0 to  170 msec.
C en tra l  masking was measured by the  Bekesy trac k in g  method.
For a 1000-Hz t e s t  to n e ,  masking decreased  from 10 to  3 dB w ith in  the  
f i r s t  160 msec o f  the  masker. The masking decayed rap id ly  w ith in  the  
f i r s t  50 msec and tended t o  s t a b i l i z e  f o r  du ra tions  beyond 160 msec.
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The au th o rs  su g g es ted  th a t  t h i s  rap id  change in  masking e f f e c t iv e n e s s  
i s  a r e f l e c t i o n  o f  th e  f a s t  neural adap ta tion  which has been observed 
in  the  au d i to ry  system .
In a d d i t io n  to  the  rapid  change in masking e f f i c i e n c y ,  a slow 
decay of masking was noted over a per iod  o f  minutes s im i l a r  to  what 
Never and Truman (56) had observed f o r  pe r iphe ra l  masking. Because of 
th i s  slow red u c t io n  in  c e n t r a l  masking, Z w is lock i, e t  aT^ . accepted  only 
the  th re s h o ld  measures ob ta ined  during the  f i r s t  minute o f  each t e s t  
run. They found t h a t  the slow decay was p re s e n t  only f o r  maskees n ea r  
the  frequency  o f  the  masker and did no t occur when the t e s t  s ig n a l  was 
se v e ra l  hundred c y c le s  away. This gradual change in  masking was no t 
observed when the  masker was a wide-band no ise  bu t appeared to  be 
l im ite d  t o  p u re - to n e  or narrow-band maskers.
Z w is lo ck i ,  Buining and Glantz (68) in  a second in v e s t ig a t io n  
rep o r te d  on the  f requency  d i s t r i b u t io n  of cen tra l  masking. Two 
param eters  were s tu d ie d :  masker i n t e n s i t y  and time delay  between the 
onse t  of th e  masker and the onset o f  the  maskee. P ure-tone  s ig n a ls  
with envelope c h a r a c t e r i s t i c s  s im i la r  to  those used in  the  previous 
s tudy  were again employed f o r  the  masker and maskee. However, in  o rder  
to  minimize the  slow adaption  o f  c e n t r a l  masking which was p rev io u s ly  
observed , the  1000-Hz maskee was f ix ed  a t  a c o n s ta n t  leve l and the mask­
e r  was v a r ie d  in  frequency and in t e n s i t y  to  de f ine  the  masking p a t t e r n .
Although i r r e g u l a r i t i e s  were observed in  th e  masking p a t te rn s  
which were o b ta in e d ,  the p o in t  of maximum masking was found to  be e i t h e r  
a t  th e  masker frequency  o r  d isp laced  toward the  f req u en c ies  below 
the masker. I t  was su g g es ted  th a t  the  i r r e g u l a r i t i e s  in th e  masking
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p a t te r n s  r e f l e c t e d  in t e r a c t io n s  between e x c i ta to ry  and in h ib i to ry  
neura l p ro cesse s .  Central masking was a lso  found to  decrease rap id ly  
w ith in  th e  f i r s t  150 msec a f t e r  masker on se t .  The amount o f  masking 
decay o r  overshoot was repo rted  to  be r e la te d  to  th e  magnitude of the 
i n i t i a l  th re s h o ld  s h i f t  and no t d i r e c t l y  t o  the t e s t  frequency . As 
the  time delay between the masker and maskee in c re a s e d ,  the masking 
curves became le s s  peaked. The au thors  suggested t h a t  t h e i r  r e s u l t s  
revea l th e  presence o f  complex n o n lin ea r  processes which make up the 
a u d i to ry  system.
Temporal e f f e c t s  in  c e n t ra l  masking experim ents have been 
c o n s i s t e n t ly  observed ( ^ ,  18, 2^, 45, 6^ , 69^). E arly  s tu d ie s  focused 
on d i f f e r e n c e s  between various combinations o f  pu lsed  and continuous 
s i g n a l s .  A more re f in e d  techn ique allowed E l l i o t t  ( ^ )  to  show th a t  
c e n t r a l  masking i s  g r e a t e r  near  masker onse t ( reg ion  o f  overshoot) than 
a f t e r  300 msec o f  s t im u la t io n .  Zwislocki and h is  co-workers (68 , 69^ ) 
have conducted d e t a i l e d  q u a l i t a t i v e  and q u a n t i t a t i v e  s tu d ie s  o f  the 
decay o f  c e n t r a l  masking fo llow ing  masker onse t.  They su g g es t  th a t  a 
r a t h e r  la rg e  and rap id  decay o f  masking occurs w ith in  the f i r s t  160 msec 
a f t e r  masker o n se t .  Following the  rap id  decay b u t  only under c e r ta in  
s ig n a l  c o n d i t io n s ,  a slow decay o f  l i t t l e  magnitude may be e v id e n t  over 
a p e r io d  o f  sev e ra l  minutes.
Summary
Temporal changes in  au d i to ry  masking were a l luded  to  in 1928, 
however, only r e c e n t ly  has i n t e r e s t  been rep ea ted ly  focused on th i s  
to p ic  t o  determine i f  such changes r e a l l y  e x i s t .  Experimenters have
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provided  both n e g a t iv e  and p o s i t iv e  ev idence  in  a v a r i e ty  o f  s tu d ie s .  
Zwicker (6^) cons ide rs  overshoot to  be a normal p rocess  and suggests  
i t  may r e s u l t  from a mechanical f i l t e r i n g  mechanism. He has attem pted 
to  ex p la in  the  c o n f l i c t i n g  re p o r ts  o f  th e  occurrence o f  overshoot by 
s t a t i n g  t h a t  the  masking change occurs only  when th e re  i s  a g re a t  
d if f e re n c e  in  frequency  s p e c t r a  between th e  masker and the  maskee, and 
t h a t  no temporal change i s  observed when th e  masker and maskee have 
s i m i l a r  frequency s p e c t r a .  The m a jo r i ty  o f  the f in d in g s  o f  o th e r  
s tu d ie s  j u s t i f y  t h i s  h y p o th es is .
However, Zwicker (66 )^ h im se lf  us ing  broad-band no ise  fo r  
both masker and maskee ( s im i la r  s p e c t r a )  has shown o v e rsh o o t,  bu t 
d iscoun ted  i t  due to  i t s  small magnitude. In a d d i t io n ,  Samoilova 
using  only  p u re - to n e  s ig n a l s  (with s i m i l a r  s p e c t r a )  has a lso  shown 
overshoot. T h e re fo re ,  Zwicker's hyp o th es is  does n o t  appear to  be 
c o n s i s t e n t  w ith  the  r e s u l t s  of a l l  s t u d i e s .
Although Zwicker does n o t  d isc u ss  the  b in a u ra l  s i t u a t i o n ,  
temporal r e l a t i o n s  in  c e n t ra l  masking (6 8 ,  6^) revea l t h a t  overshoot does 
occur f o r  p u re - to n e  s t im u l i .
The p re s e n t  s tudy  i s  designed t o  in v e s t ig a t e  temporal 
changes in  the masking o f  a pu re-tone  s t im u lu s  and to  determ ine how 
th e se  changes r e l a t e  to  spread  o f  the  masking p a t t e r n .  A secondary aim 
i s  to  compare masking e f f ic ie n c y  and th e  masking p a t t e r n s  o f  i p s i l a t e r a l  
and c o n t r a l a t e r a l  maskers.
The n e x t  ch ap te r  con ta ins  a d e s c r ip t io n  o f  th e  design and 
procedures used t o  conduct t h i s  i n v e s t i g a t io n .
CHAPTER I I I
INSTRUMENTATION AND PROCEDURE 
In tro d u c t io n
This s tudy  was designed to  in v e s t i g a t e  the c o n t r a l a t e r a l  and 
i p s i  l a t e r a l  masking p a t te rn s  o f  a pure tone under th ree  cond itions  of 
de lay  time between the onse ts  of the  masker and t e s t  s ig n a l .  The masker 
was always a 1000-Hz pure tone p re sen te d  a t  50-dB sound p re ssu re  le v e l  
(SPL). Several f req u en c ies  (500, 800, 900, 950 , 1000, 1050, 1100, 1200, 
1500 Hz) of t e s t  s ig n a ls  were used as maskees to  sample the e f f e c t s  o f  
masking sp read  f o r  the 1000-Hz masker. Thresholds f o r  the maskees were 
determ ined by a method o f  l i m i t s ,  th e  method o f  o b ta in ing  th re s h o ld  i s  
d e sc r ib e d  in  d e t a i l  in th e  Procedure se c t io n  o f  t h i s  chap te r .
The th r e e  delay times u t i l i z e d  were as fo l lo w s :  ( 1 . )  a 3-msec 
de lay  time between the on se t  o f  th e  masker and the  oncet o f  th e  maskee 
which served  as the  " i n i t i a l "  p o s i t i o n ,  (2 .)  a 497-msec de lay  time 
between masker o n se t  and maskee o n se t  which was the "medial" p o s i t i o n ;  
and , ( 3 . )  a 982-msec de lay  time between the  masker o n se t  and maskee 
o n s e t  which was the  " f i n a l "  p o s i t i o n .  The te rm in a t io n  o f  th e  maskee in  
th e  " f in a l "  p o s i t i o n  preceded the  o f f s e t  of th e  masker by 3 msec.
Only pure tones were used f o r  the masker and maskees, and th e  
envelope and d u ra t io n  o f  both s ig n a l s  were shaped so  as to  avoid  the
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p roduc tion  o f  t r a n s i e n t s .  As mentioned in  th e  previous c h a p te r ,  
t r a n s i e n t s  due t o  ra p id  r i s e  and decay tim es o f  s ig n a ls  may have 
contam inated th e  r e s u l t s  o f  some of the  p rev ious  s tu d ie s .
Sub jec ts
The experim enta l group c o n s is te d  o f  fou r  norm al-hearing  male 
s u b je c t s  between the  ages o f  29 and 36 y e a r s ,  (mean age 31 y e a r s ) .  The 
s u b je c t s  were s e l e c t e d  from th e  s tu d e n t  body o f  the  Department o f  
Communication D is o rd e rs ,  U n iv e rs i ty  o f  Oklahoma Medical C en ter ,
Oklahoma C ity ,  Oklahoma. Normal h ea r in g  was def ined  as th re sh o ld s  not 
g r e a t e r  than 20 dB ( I n te r n a t io n a l  S tandard  O rgan iza tion  1964) a t  
f re q u e n c ie s  from 250 through 3000 Hz. This range ex tends from one 
oc tave  below to  one octave above the  f re q u e n c ie s  used in  the  experiment. 
A c tu a l ly ,  the  e a r s  o f  a l l  su b je c ts  were a u d io m e tr ic a l ly  normal from 
250 to  8000 Hz ex ce p t  s u b je c t  #3 whose l e f t  e a r  m anifes ted  a mild 
s e n s o r in e u ra l  h e a r in g  impairment a t  4000 Hz. The p a r t i c ip a n t s  a lso  
r e p o r te d  a n e g a t iv e  h i s to r y  o f  e a r  p a th o lo g ie s .  Each s u b je c t  had 
s e v e ra l  hours o f  p r a c t i c e  and had dem onstra ted  an a b i l i t y  to  perform 
th e  re q u ire d  ta s k  b e fo re  p a r t i c i p a t i n g  in  th e  i n v e s t ig a t io n .
All s u b je c t s  rece iv ed  both i p s i l a t e r a l  and c o n t r a l a t e r a l  
masking c o n d i t io n s ,  a l l  th r e e  temporal de lay  c o n d i t io n s ,  and in  a d d i t io n ,  
th re sh o ld s  were o b ta in ed  under a l l  c o n d i t io n s  f o r  both the  r i g h t  and 
l e f t  e a r s .  The o rd e r  o f  p r e s e n ta t io n  o f  th e  above cond itions  was 
coun te rba lanced  among th e  fo u r  s u b je c t s .  The coun te rba lanc ing  scheme is  
p re se n te d  in  Table 1. The n ine maskee f re q u e n c ie s  were p resen ted  in  a 
d i f f e r e n t  random o rd e r  to  each s u b je c t .
TABLE 1
ORDER OF PRESENTATIONS FOR EACH SUBJECT FOR EACH SESSION
Session  #1 Session  #2 Session  #3 Session  #4
Hz
S#1
RI
S#2
LI
S#3
RC
S#4
LC
S#1
RC
S#2
LC
S#3
RI
S#4
LI
S#1
LI
S#2
RI
S#3
LC
S#4
RC
S#1
LC
S#2
RC
S#3
LI
S#4
RI
1 t i m f m t f i f t m i m f t i
2 i m f t i m t f t m i f f t i m
3 m f t i f i m t m i f t t i m f
4 f t i m t f i m i f t m i m f t
5 t i m f m t i f i t f m f i t
6 m f i t f m t i t f m i i t m f
7 f i t m i f m t f m i t t m f
8 i t m f t i f m m i t f m f i t
9 t m f i m t i f i f m t f m i t
r \j
00
Note; The n in e  maskee f re q u e n c ie s  (Hz) were randomized f o r  each s u b je c t  in  each s e s s io n .
S = s u b je c t  
R = r i g h t  e a r  
L = l e f t  e a r  
I = i p s i l a t e r a l  masker 
C = c o n t r a l a t e r a l  masker
t  = th re s h o ld  in  unmasked co n d i t io n  
i = th r e s h o ld  in  " i n i t i a l "  masked c o n d i t io n  
m = th re s h o ld  in  "medial" masked c o n d i t io n  
f  = th r e s h o ld  in  " f i n a l "  masked c o n d i t io n
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Apparatus 
A coustic  Environment 
A ll s c re e n in g ,  p r a c t i c e  and experim ental t e s t s  were conducted 
in  a sound room ( I n d u s t r i a l  A coustics Company, model 400) lo ca ted  a t  
the  Veterans A dm in is tra t ion  H o sp i ta l ,  Oklahoma C ity ,  Oklahoma. Visual 
communications were m aintained through a window loca ted  in  the  s id e  of 
the  IAC chamber. The t e s t  room con ta ined  a s tandard  headse t with 
matched ea rphones ,  a c h a i r  f o r  the s u b je c t  and a response switch f o r  
conveying th e  s u b j e c t ' s  judgement to  the  experim enter. All o th e r  
equipment was lo c a te d  o u ts id e  and a d ja c e n t  to  the t e s t  room.
Ambient noise  l e v e l s  w ith in  th e  t e s t  room were measured ( a t  
the  approximate locus o f  th e  s u b j e c t ' s  head) by a sound-level meter 
(General Radio, Type 1551-C) combined w ith  an octave-band noise 
an a ly ze r  (General Radio, Type 1558-AP). Readings were obta ined fo r  
octave bands whose c e n te r  frequenc ies  were a t  octave in t e r v a l s  from 
125 Hz to  8000 Hz. The average spectrum le v e ls  and le v e ls  p e r  c r i t i c a l  
band ( ^ )  f o r  th e  bands cen te red  a t  the  s tan d a rd  audiom etric t e s t in g  
frequenc ies  were c a lc u la te d .  The d e te rm ina tion  o f  the e f f e c t iv e  mask­
ing  leve l o f  t h i s  no ise  was ob ta ined  by s u b t ra c t in g  the a t te n tu a t io n  
c h a r a c t e r i s t i c s  o f  MX-41/AR earphone cushions ( ^ ,  p. 165) from the 
c r i t i c a l  band l e v e l s .  These e f f e c t i v e  le v e ls  were found to  be co n s id e r­
ably  below th e  ISO 1964 s tan d a rd  th re s h o ld  le v e ls  o f  normal l i s t e n e r s .  
The r e s u l t s  o f  th e  above procedures are  rep o r ted  in  Table 2.
TABLE 2
NOISE CHARACTERISTICS UNDER EXPERIMENTAL CONDITIONS
Frequency 125 250 500 1000 2000 4000 8000
Noise le v e l s  in  
sound chamber
Octave band le v e l 39.0 28.0 14.0 12.0 13.0 16.0 17.0
Level p e r  
c r i t i c a l  band 37.5 22.5 6 .0 3.5 2.5 6 .5 7 .0
Average a t te n u a t io n  
o f  earphones 10.0 8.0 8.0 16.0 29.0 35.0 31.0
Average n o ise  le v e l  
a t  s u b j e c t ' s  e a r s 27.5 14.5 -2 .0 -1 2 .5 -26 .5 -28 .5 -2 4 .0
A li l e v e l s  a re  ex p ressed  in  dB r e :  .0002 dyne/cm^
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Screening Apparatus 
The screen ing  appara tus  c o n s i s t e d  of a commercially a v a i la b le  
Bekesy audiometer (G raso n -S tad le r ,  model E800) feed ing  one o f  a p a i r  
o f  earphones (Telephonic TDH-39 lOZ) s e t  i n  MX-41/AR cushions and 
mounted on a s tandard  headband. The s ta n d a rd  switch  used in Bekesy 
audiometry was c o n t ro l le d  by th e  s u b j e c t  t o  produce a t r a c in g  o f  h is  
aud iom etr ic  th re sh o ld .  I n s t r u c t i o n s  t o  th e  s u b je c t  were those advo­
ca ted  by Stream and McConnell (52^). The Bekesy audiometer was c a l i ­
b r a te d  w ith an a r t i f i c a l  e a r  (A ll i so n  Labs, model 300).
P ra c t ic e  and Experimental T es t  Equipment 
Two pure-tone  audio o s c i l l a t o r s  (H ew lett-Packard, model 200 ABR) 
were employed as sources fo r  th e  masker and maskee. One o s c i l l a t o r  
(01) was s e t  a t  1000 Hz and used t o  g en e ra te  the  masker. In two o f  the 
experim en ta l cond itions  the  ou tpu t from 01 was d iv ided  in to  two channels 
by a s p l i t t i n g  network (SP). This allowed the 1000 Hz s ig n a l  t o  be 
used as both the  masker and maskee. For th e  production  o f  the  masker,
O l 's  o u tp u t  was connected to  an e l e c t r o n i c  sw i tc h ,  (El) (G raso n -S tad le r ,  
model 829C) which was a p p ro p r ia te ly  t r i g g e r e d  and s e t  to  give the 
d e s i r e d  masker envelope and d u ra t io n .  The masker was then d i r e c te d  
through one channel of a speech aud iom ete r  (G rason-S tad le r ,  model 162) 
to  an earphone.
The second audio  o s c i l l a t o r  (02) was used f o r  a l l  maskee 
f re q u e n c ie s  except 1000 Hz, (500, 800 , 900, 950, 1050, 1100, 1200 
and 1500 Hz). I t s  o u tp u t  was coupled to  e l e c t r o n i c  switch (E2)
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(G ra so n -S ta d le r ,  model 829E) which in  tu rn  was coupled t o  e l e c t ro n ic  
sw itch  (E3) (G raso n -S tad le r ,  model 829C). Switches E2 and E3 were 
a r ran g ed  in  s e r i e s  t o  p rovide  the  b r i e f  tona l  p u lse  used as the  maskee. 
The s ig n a l  was passed through a p ro p e r ly  loaded 1-dB s te p  a t te n u a to r  
which had a range o f  100 dB (H ew lett-Packard , model 350C). I t  was then 
d i r e c te d  to  the  remaining channel o f  the  speech audiom eter which enabled 
th e  experim en te r  e i t h e r  to  mix the  masker and maskee and p re se n t  them 
through one earphone ( f o r  the  i p s i l a t e r a l  masking c o n d i t io n ) ,  o r  to  
r o u te  the  masker and maskee to  s e p a ra te  earphones ( f o r  the  c o n t ra la t e r a l  
masking c o n d i t io n ) .  The earphones were a matched p a i r  o f  Telephonic 
TDH-39 10Z s e t  in MX-41/AR cushions and mounted on a s tan d a rd  headband. 
The earphones were w ired  so  t h a t  a common s ig n a l  would be out o f  phase 
a t  th e  two earphones. When a 1000-Hz maskee frequency was req u ire d ,  
th e  o u tp u t  o f  01 was s p l i t  w ith  the  maskee p o r t io n  d i r e c te d  through the 
same path  desc r ib ed  f o r  the  s ig n a ls  from 02. A schem atic  diagram of 
th e  experim ental appara tus  i s  shown in Figure 1. The tim ing  apparatus 
i s  p re se n te d  in  g r e a t e r  d e t a i l  in  Figure 2.
The phase r e l a t io n s h ip s  between the  frequency  o f  the  masker 
and the frequenc ies  o f  the  maskees were no t c o n t ro l l e d  and were 
c o n s id e re d  to  be random excep t f o r  the  1000-Hz masker-1000-Hz maskee 
c o n d i t io n .  S ince , under t h i s  c o n d i t io n ,  th e  same o s c i l l a t o r  (01) 
p rov ided  the 1000-Hz s ig n a l  f o r  both the  masker and maskee, the  
s ig n a l s  were in  phase f o r  the  i p s i l a t e r a l  masking c o n d i t io n .  In the 
c o n t r a l a t e r a l  masking co n d it io n  th e  1000-Hz s ig n a l s  were fu n c t io n a l ly  
o u t  o f  phase w ith one an o th e r  s in c e  the  earphones were wired in  th a t  
way. By d e l iv e r in g  the se  s ig n a l s  a t  o p p o s ite  phases t o  the two e a r s ,
—  audio  s ig n a l s  to s u b j e c t
—  timing, control and monitor c ircu it s
audio e lectron ic  
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Figure 1. S c h e m a t i c  diagram of  experim enta l  apparatus.
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mid-plane lo c a l i z a t i o n  cues were minimized.
The tim ing network used to  t r i g g e r  the  e l e c t r o n i c  switches 
c o n s is te d  o f  two waveform genera to rs  (T ek tro n ix ,  type 162) and e ig h t  
pu lse  g enera to rs  (T ek tron ix , type 161). Two power su p p lie s  (T ek tron ix , 
type 160A) were req u ired  fo r  the T ek tron ix  equipment. The "delay" 
sw itch  (DS) which coupled waveform g e n e ra to r  #2, (W2), t o  e i t h e r  pulse 
g e n e ra to r  #1, (P I ) ;  #3, (P3); o r  #4, (P4) was used to  allow the  
experim en ter  the  choice of the " i n i t i a l " ,  "medial" o r  " f in a l "  delay 
co n d it io n  fo r  the  maskee.
The s u b je c t  was ab le  to  throw h i s  response switch in  one o f  
two d i r e c t i o n s .  The YES p o s i t io n  in d ic a te d  t h a t  he had heard the  
s ig n a l  and the  NO meant th a t  he had not heard  the  s ig n a l .  The throwing 
o f  th e  sw itch  c o n t ro l le d  the  YES-NO l i g h t s  s i t u a t e d  in f r o n t  o f  the 
experim en te r  and thus conveyed to  him the  s u b j e c t ' s  response a f t e r  each 
s ig n a l  p r e s e n ta t io n .  The switch a lso  i n i t i a t e d  a re c y c l in g  o f  the 
tim ing  appara tus  reg a rd less  o f  the p o s i t io n  t o  which i t  was thrown.
Located on the  response box, which con ta ined  the  s u b je c t -  
response s w i tc h ,  was a " l i s t e n "  l i g h t .  This l i g h t  f la sh e d  during  the 
p re s e n ta t io n  o f  the  maskee and informed th e  s u b je c t  o f  when the s igna l 
might occur during  the  course o f  th e  masker. The l i s t e n  l i g h t  a lso  
f a c i l i t a t e d  the  determ ination o f  the  unmasked th re s h o ld  f o r  the maskee 
when i t  was p resen ted  alone.
The masking tone (masker) was m a in ta ined  a t  i t s  maximum 
am plitude fo r  1000 msec and had r i s e -d e c a y  times o f  10 msec as shown 
in  Figure 3. The shaping o f  the  masking s ig n a l  and the r ise -d ec ay  
times were provided by switch El.
3H 
m s e c
m s e c
M A SK E E
U - , 1 0 0 0  m s e c
M A S K E R
‘INITIAL’
>
■497 m s e c - 4
M A SK EEK >
M A S K E R
‘MEDIAL’
>
3  m s e c - M‘FINAL’
>rv|9 8 2  m s e c
NOTE: Rise - decay times 10 m sec 
Figure 3  Timing and re la t ionsh ips  in the three tem pora l  con d it ions .
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The t e s t  s ig n a l  (maskee), a l s o  shown in F igure 3 ,  had r i s e -  
decay times o f  10 msec and a du ra tio n  a t  maximum am plitude o f  5 msec. 
The shap ing  o f  the  envelope and d u ra tio n  o f  th e  maskee were achieved 
by coup ling  sw itches  E2 and E3 in s e r i e s .  These sw itches  provided the 
r i s e  and decay p o r t io n s  o f  the maskee r e s p e c t iv e ly .  The delay  o f  
3 msec between masker on se t  and maskee o n se t  employed in  th e  " i n i t i a l "  
p o s i t i o n ,  and th e  3 msec d i f f e re n c e  between the  maskee o f f s e t  and the 
masker o f f s e t  employed in  the  " f in a l "  p o s i t io n  were p rov ided  to  in su re  
t h a t  no p a r t  o f  the  maskee preceded o r  ex tended beyond the  p re s e n ta t io n  
o f  the  masker.
The u t i l i z a t i o n  o f  such a b r i e f  maskee, 5 msec w ith  10-msec 
r i s e  and decay times se rved  two purposes. F i r s t ,  the  b r e v i ty  o f  the  
maskee p e rm i t te d  sampling o f  the  masking p a t t e r n  o f  th e  1000-Hz masker 
a t  i n t e r v a l s  very c lo se  to  the masker o n se t  and o f f s e t .  Second, by 
reducing  the  d u ra t io n  of th e  maskee, b ea ts  and d i f f e r e n c e  tones were 
g r e a t ly  reduced and p o s s ib ly  e l im in a te d .  J e f f r e s s ,  e ^  , ( ^ )  have 
r e p o r te d  t h a t  a s ig n a l  d u ra tio n  o f  25 msec o r  le ss  p rec ludes  the 
p roduc tion  o f  b e a t s .
C a l ib r a t io n  and v isu a l  m onito ring  o f  the  temporal r e l a t i o n s  
between the masker and the t e s t  s ig n a l  were performed b e fo re  and a f t e r  
each experim enta l s e s s io n .  The du ra tio n  o f  the  masker was e s ta b l i s h e d  
by a d ju s t in g  p u lse  g en era to rs  PI and P2 t o  produce an in t e r v a l  o f  1010 
msec as measured by a c o u n te r - t im e r  ( T r a n s i s to r  S p e c i a l t i e s ,  I n c . ,  
model 361). The maskee waveform w ith  maximum am plitude o f  5 msec was 
c a l ib r a t e d  in  th e  same manner by a d ju s t in g  an a p p ro p r ia te  in t e r v a l  
between P7 and P8. The maskee was observed on an o sc i l lo s c o p e
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(T ek tro n ix ,  type 561-A) to  in su re  th a t  the  waveform and d u ra tio n  were 
as s p e c i f i e d .  The c o u n te r - t in ie r  was used to  c a l i b r a t e  the  3-msec, 
497-msec and 982-msec delays  between the  o n se t  o f  the masker and the 
onse t o f  the maskees. To accomplish the se  th re e  measurements, the 
delay sw itch  was s e t  a t  each o f  i t s  th ree  p o s i t i o n s .  The 3-msec delay 
used fo r  the " i n i t i a l "  maskee p o s i t io n  was measured from PI to  P7 and 
was ad ju s ted  to  tlie d e s i r e d  value by varying the delay o f  P7. In the 
"medial" maskee p o s i t i o n ,  tim ing was again measured between PI and P7; 
however, the ad justm ent f o r  the 497-msec delay  was accomplished by 
varying th e  de lay  o f  PS. For the  " f in a l "  p o s i t i o n ,  the delay  o f  P4 
was ad ju s ted  to  o b ta in  the  982-msec tim ing between Pi and P7. Visual 
m onitoring  was accomplished p r io r  t o ,  d u r in g ,  and fo llow ing  each sess ion  
by the use of the  o s c i l l i s c o p e .  This was done to  in su re  t h a t  the 
temporal p a t te r n s  being  p resen ted  to  the  s u b je c t  were th e  same as those 
i l l u s t r a t e d  in  F igure 3.
The c a l i b r a t i o n  o f  sound i n t e n s i t i e s  f o r  the masker and maskee 
was performed p r i o r  to  each experimental s e ss io n  and im mediately fo llow ­
ing each s e s s io n .  The 1000-Hz masker was passed through an earphone to  
an a r t i f i c a l  e a r  (A l l i s o n ,  model 300). The i n t e n s i t y  was a d ju s ted  to  
ob ta in  a 100-dB SPL read ing .  The masker le v e l  was then reduced 50 dB 
by an a t t e n u a t o r  on the  speech audiometer. This provided the  d es ired  
masker i n t e n s i t y  o f  50-dB SPL.
The i n t e n s i t y  o f  50-dB SPL f o r  the masker was chosen fo r  
th re e  reaso n s .  F i r s t ,  i t  i s  a level t h a t  in many o f  the previous 
p e r ip h e ra l  masking s t u d i e s ,  had provided a symmetrical masking p a t te r n .  
Second, a ;ording to  F le tc h e r  (2^) and Ehmer ( ^ )  i t  i s  low enough to
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e l im in a te  or g r e a t ly  minimize the production of s u b je c t iv e  tones  when 
only p u re - tone  s ig n a l s  a re  used. T h ird ,  s ince  a p a r t  o f  t h i s  experim ent 
is  concerned w ith  c o n t r a l a t e r a l  o r  ce n tra l  masking, the masker le v e l  
chosen i s  below the  i n t e r a u r a l  a t te n u a t io n  o f  the  head f o r  a 1000-Hz 
s ig n a l  and th e r e f o r e ,  reduces the p o s s i b i l i t y  o f  the masker d i r e c t l y  
s t im u la t in g  the  t e s t  e a r  in  th e  c o n t r a l a t e r a l  masking c o n d i t io n .
The i n t e n s i t y  o f  the  maskee was measured on the  same a r t i f i c i a l  
e a r .  By s e t t i n g  th e  second o s c i l l a t o r ,  02, to  1000 Hz and p o s i t io n in g  
the H ew lett-Packard  a t t e n u a t o r  t o  d e l iv e r  no a t t e n u a t io n ,  the  gain was 
ad ju s ted  to  provide a read ing  of 8Ci-dB SPL through the earphone . The 
system was then co n s id e re d  to  be c a l ib ra te d .
The same earphone was used to  d e l iv e r  the  maskees f o r  the  
i p s i l a t e r a l  and c o n t r a l a t e r a l  masking co n d i t io n s .  Since the  o u tp u t  from 
th i s  earphone was n o t  l i n e a r  ac ross  the  maskee f r e q u e n c ie s ,  c a l i b r a t i o n  
c o r re c t io n s  were r e q u i r e d .  These co rre c t io n  values were determined 
p r i o r  to  the experim ent in  th e  fo llow ing  way: O s c i l l a to r  02 was s e t  a t  
1000 Hz and i t s  o u tp u t  was passed  through the  maskee channel which was 
ad ju s te d  to  produce an SPL o f  80 dB a t  the earphone. As 02 was ad ju s ted  
to  each o f  the e i g h t  t e s t  f req u en c ies  i t  would provide during  the  
experim en t,  SPL v a lues  f o r  th e se  frequencies  were measured by th e  a r t i ­
f i c i a l  e a r  and reco rded .  Any dev ia t io n  from the  d es ired  80-dB SPL read­
ing  was a l s o  recorded  f o r  each frequency. These values were used as 
c o r re c t io n s  f o r  th e  d a ta  c o l l e c t e d  in the experimental s e s s io n s .  
A ppropria te  c o r r e c t io n s  were a l s o  obta ined when O l 's  ou tpu t was s p l i t  
and u t i l i z e d  in  th e  1000-Hz masker-lOOO-Hz maskee co n d i t io n .
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The frequency o f  the  1000-Hz masker was c a l ib r a te d  befo re  and 
a f t e r  each experim ental s e s s io n  w ith  the use o f  a co u n te r- t im er .  The 
c o u n te r - t im e r  was a l s o  used in  ad ju s t in g  and c a l ib r a t in g  the maskee 
frequency p r io r  to  each experim ental th resho ld  run. Frequency count 
dev ia ted  no more than ^ 1 Hz from the  sp e c i f ie d  frequency throughout 
the experim ent.
Procedure
General
The experim ent c o n s is te d  o f  two p r a c t ic e  sess ions  and fou r  
experim ental t e s t  s e s s io n s  f o r  each o f  the  fo u r  s u b je c t s .  The formats 
fo r  the p r a c t ic e  and experim ental s e ss io n s  were very s im i la r .  Each 
s e s s io n ,  w hether p r a c t i c e  o r  ex p e r im en ta l ,  l a s t e d  approximately th re e  
hours and was d iv ided  i n t o  th re e  t e s t  periods sep a ra ted  from one 
ano ther  by f iv e  t o  ten  minute r e s t  per iods .  Only the data  ob ta ined  in  
the experim ental s e s s io n s  were used in  th e  s t a t i s t i c a l  a n a ly s i s .
Eaoh s e s s io n  began a f t e r  the  su b je c t  was sea te d  com fortably in  
a r e c l in in g  c h a i r  w ith in  th e  t e s t  booth. A copy of the following 
in s t r u c t io n s  was read  to  him p r i o r  to  the s t a r t  o f  the t e s t  pe r io d :
The experim ent in  which you are  about to  
p a r t i c i p a t e ,  i s  designed to  determine how the 
th re sh o ld  o f  one sound i s  a f fe c te d  by the presence 
o f  ano ther  sound.
There are  two types o f  th re sh o ld s  which 
w ill  be ob ta ined  during t h i s  experim ent. One 
type i s  an unmasked th re sh o ld  when only the t e s t  
s igna l  w i l l  be p re s e n te d .  The o th e r  is  a masked 
th re sh o ld  in  which a 1000-Hz pure-tone  masker of 
one second du ra tion  w i l l  be employed. Masked 
th resh o ld s  w i l l  be determined f o r  th e  t e s t  
s igna l  when i t  i s  p re sen te d  at e i t h e r  the
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b eg inn ing , the  middle o r  the  end o f  the 1000-Hz 
masker. The masker may be in e i t h e r  the same 
e a r  as the t e s t  s ig n a l  o r  in the e a r  opposite  
th e  t e s t  s i g n a l .
The t e s t  s ig n a l  which you are to  l i s t e n  
f o r  i s  synchron ized  w ith  the  " l i s t e n "  l i g h t  l o c a t ­
ed on the  box in  f r o n t  o f  you. You are req u ired  
to  watch th i s  l i g h t  in  o rd e r  to  know when to  
l i s t e n  fo r  a s i g n a l .  This i s  e s p e c ia l ly  im portan t 
during the  unmasked th re s h o ld  de te rm ina tion .
During th e  p r e s e n ta t io n  of a masked 
cond it io n  you w i l l  p e r io d i c a l ly  h ea r  the 1000-Hz 
p u re- tone  masker which w i l l  l a s t  f o r  one second.
You must l i s t e n  f o r  th e  t e s t  s ig n a l  e i t h e r  a t  the 
beg in n in g , m id d le . o r  e n ^  of the 1000-Hz tone.
Before the beg inn ing  o f  each c o n d i t io n ,  you w il l  
h e a r  a sample o f  t h a t  co n d i t io n  w ith  the t e s t  
s ig n a l  p re sen te d  a t  a le v e l  high enough to  be 
c l e a r l y  au d ib le  so  you w i l l  know which co n d it io n  
i s  to  be run. Following t h i s  i n i t i a l  p r e s e n ta t io n ,  
you r  ta sk  w i l l  be to  determ ine i f  a sound i s  p re s e n t  
o r  absen t when th e  " l i s t e n "  l i g h t  f l a s h e s .  You 
a re  to  respond a f t e r  each p re s e n ta t io n .  The 
response sw itch  in  f r o n t  o f  you must be thrown in 
th e  "YES" d i r e c t i o n  i f  you hear  the  t e s t  s igna l  
and in  the  "NO" d i r e c t io n  i f  you do no t.  A f te r  
each p r e s e n ta t io n  you may respond whenever you 
choose, bu t  remember, y o u r  f i r s t  im pression i s  
u su a l ly  c o r r e c t .  You a re  urged no^  to  guess ,  and 
i f  th e re  i s  any doubt as t o  w hether the t e s t  s ig n a l  
i s  p r e s e n t ,  throw the  sw itch  to  the  "NO" p o s i t io n .
A f te r  you have responded, approximately th ree  
seconds w i l l  e l a p s e  b e fo re  you h ea r  another 
p r e s e n ta t io n .
Do you have any ques tions?
O ccas io n a lly ,  the  exp er im en te r  would e la b o ra te  on the  in s t r u c t io n s  when 
asked to  do so.
During a p i l o t  s tu d y  in  which s u b je c ts  were no t r e s t r i c t e d  
from guess ing , occasiona l f a l s e - p o s i t i v e  responses occurred . These were 
noted  predominantly f o r  th e  " i n i t i a l "  c o n d i t io n .  T h e re fo re ,  to  reduce 
f a l s e - p o s i t i v e  responses in  th i s  experim en t,  the s u b je c ts  were i n s t r u c t e d
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not  t o  guess and to  respond NO when in  doubt .  This g r e a t l y  minimized 
p o s i t i v e  responses by the s u b j e c t  and t h e i r  acceptance by the exper im en te r  
when the t e s t  s ig n a l  was a c t u a l l y  below th re sh o ld .
The response  o f  the  s u b j e c t  fo l lowing  each p r e s e n ta t io n  was 
conveyed t o  the  exper imenter  by way of  YES-NO l i g h t s .  When the  s u b j e c t  
threw the response  switch t o  the  YES p o s i t i o n ,  the YES l i g h t  p o s i t i o n e d  
on th e  equipment rack in f r o n t  o f  the exper imenter  i l l u m i n a t e d  b r i e f l y .
The NO l i g h t  i l lu m i n a te d  when the  s u b j e c t  made a NO response.  With t h i s  
in form ation  th e  exper imenter  was ab le  to  make the proper  a t t e n u a t o r  
adjustmen t f o r  each subsequen t  p r e s e n t a t i o n .
The c l a s s i c a l  psychophys ica l  method of  l i m i t s  was employed 
to  determine  both the masked and the  unmasked th r e s h o ld s .  Following 
the p r e s e n t a t i o n  o f  an i n i t i a l  s u p r a - th r e s h o ld  s igna l  used t o  a l e r t  and 
acqua in t  th e  l i s t e n e r  with th e  cond i t ion  being t e s t e d ,  s eve ra l  
ascending and descending th r e s h o l d  c ro s s ings  were made. The th re s h o ld  
de te rm ina t ions  were made in  one-dec ibe l  s t e p s ,  and each th re s h o ld  
c ro s s in g  was te rm ina ted  as soon as the s u b j e c t  a l t e r e d  h i s  response 
from " d e t e c t i o n  o f  the  s i g n a l "  t o  "no d e t e c t i o n "  o r  vice  versa  depending 
on whether  th r e s h o ld  was c ro s sed  from below or  above. The exper im en te r  
recorded the  leve l  o f  the  f i r s t  " d e te c t io n "  o f  each a s c e n t  and the  l e v e l  
of  th e  f i r s t  "no d e t e c t i o n "  o f  each descen t .  Threshold was cons idered  
to be the average o f  these  reco rded  l e v e l s .
P r a c t i c e  Sessions  
The general  procedures  de sc r ibe d  above were followed dur ing 
the p r a c t i c e  s e s s i o n s .  The two p r a c t i c e  sess ions  r e q u i r e d  f o r  each
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s u b j e c t  were designed to  achieve the  fo l lowing goals:  ( 1 . )  to  acquain t
the  s u b j e c t  with the general  requirements of  the i n v e s t i g a t i o n ;  (2 . )  
t o  improve s u b je c t  performance in  making th re s h o ld  d e c i s io n s ;  ( 3 . )  to 
give the s u b je c t  p r a c t i c e  with the  " i n i t i a l " ,  "medial" and " f i n a l "  maskee 
delay p o s i t i o n s  us ing  i p s i l a t e r a l  and c o n t r a l a t e r a l  maskers ; and,  (4 . )  
t o  ob ta in  approximate th resho lds  f o r  each s u b j e c t  a t  each maskee frequency 
both w i thou t  the masker and under each masking and delay cond i t ion .
In each p r a c t i c e  s e s s io n  th resho lds  were obta ined  f o r  only 
one e a r .  These were f o r  each o f  the  nine t e s t  f requencies  under the 
s i l e n t  and each of  the  th r e e  delay cond i t ions  and under the i p s i l a t e r a l  
and c o n t r a l a t e r a l  masking c o n d i t io n s .  In each o f  the th r e e  per iods  of 
each s e s s i o n ,  t e s t i n g  was completed f o r  th r e e  f r equenc ie s .  Only two 
ascend ing and two descending th r e s h o ld  c ro s s ings  were employed f o r  each 
c o n d i t io n .  The four  values ob ta ined  from these  c ross ings  were averaged 
to  ob ta in  th re sho ld .  No a t tempt  was made t o  counterbalance condi t ions  
o r  randomize the order  o f  t e s t  f requenc ies  in  the  p r a c t i c e  s e s s i o n s .
Experimental  Sessions
Upon the completion o f  p r a c t i c e ,  each s u b je c t  was considered 
to  be p r o f i c i e n t  a t  the r e q u i re d  t a s k .  He was then scheduled to  
p a r t i c i p a t e  in  the four  exper imen tal  s e s s io n s .  Each experimental  
s e s s io n  c o n s i s t e d  o f  t h i r t y - s i x  t h re s h o ld  de te rmina t ions  u t i l i z i n g  the 
c l a s s i c a l  method of  l i m i t s .  These th re sho lds  were f o r  each o f  the  nine 
f r equenc ies  under th e  unmasked and under each o f  the th ree  delay 
c o n d i t io n s .  In two of  the  s e s s i o n s ,  r i g h t  e a r  th resho lds  were measured 
under i p s i l a t e r a l  (RI) and c o n t r a l a t e r a l  (RC) masking c o n d i t i o n s ,  while 
in the remaining two s e s s i o n s ,  l e f t  e a r  th resho ld s  (LI and LC) were
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measured under the same c o n d i t io n s .  As in the p r a c t i c e  s e s s i o n s ,  th ree  
f requenc ies  were t e s t e d  in  each pe r iod  of  each experimental  s e s s io n .
Four ascending and fou r  descending th resho ld  cross ings  were made f o r  
each condi t ion  i n s t e a d  o f  two f o r  each condi t ion  as in t h e  p r a c t i c e .  The 
f i r s t  t h r e s h o ld  obta ined  f o r  each c ross ing  was no t  recorded nor was i t  
inc luded  in  the e v a l u a t i o n .  The t e s t - s i g n a l  i n t e n s i t y  l e v e l s  from which 
the  ascen ts  and descen ts  were made ranged in  a random fashion from 5 to 
9 dB on e i t h e r  s id e  o f  th e  th r e s h o ld  determined f o r  the same cond i t ion  in 
the p r a c t i c e  s e s s i o n s .  Whether th re sho ld  was i n i t i a l l y  approached from 
an ascending  or  a descending leve l  was a l so  determined by a randomization 
schedule as was the o rd e r  o f  frequency p re s e n ta t io n  f o r  each s u b j e c t .
The counte rba lanc ing  o f  the  d e l ay ,  e a r  and masking cond i t ion  i s  
d isp layed  in  Table 1,  page 28.
An example o f  the  use o f  Table 1 i s  as fo l lows :  Subjec t  #1 
rece ives  the  RI (maskee t o  the r i g h t  e a r  with i p s i l a t e r a l  or  r i g h t  ea r  
masking) cond i t ion  in  the  f i r s t  s e s s io n .  According to  th e  random order 
o f  t e s t  f r e q u e n c i e s ,  1000 Hz i s  the  f i r s t  frequency to  be t e s t e d .  The 
o rde r  o f  delay  cond i t ions  ( in c lu d in g  the unmasked th resho ld )  f o r  th e  
f i r s t  frequency  i s  t  (unmasked), i_ ( " i n i t i a l " ) ,  m ( "m ed ia l" ) ,  and f  
( " f i n a l " ) .  This o rde r  i s  the  same fo r  the f i r s t  frequency of the f i r s t  
s e s s ion  o f  each s u b j e c t .  The t e s t  order  a t  subsequent  f requencies  fo r  
t h i s  and the  o t h e r  s e s s io n s  i s  as in d ica te d  in Table 1.
Upon complet ion o f  the experimental  s e ss ions  f o r  a l l  s u b j e c t s ,  
the exper imente r  conver ted  the raw data i n t o  th resho lds  f o r  each frequency 
in  the  unmasked and in  each of  the  masked cond i t ions .  The s ix  values  
recorded f o r  each con d i t io n  from the  th resho ld  cross ings  were averaged
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t o  obta in  t h r e s h o ld .  The d i f f e r e n c e  in d e c ib e l s  for  each frequency 
was determined between each masked th re s h o ld  and the unmasked th resho ld  
obtained in  the  same s e s s io n .  These d i f f e r e n c e s  were then cor rec ted  
f o r  t r a n s d u c e r  n o n l i n e a r i t y  and then coded by a l g e b r a i c a l l y  adding 10 
to  a l l  va lues .  The r e s u l t a n t  f ig u re s  were u t i l i z e d  f o r  s t a t i s t i c a l  
a n a ly s i s .  These va lues  f o r  each s u b je c t  a re  found in Appendices B 
through E.
A f a c t o r i a l  arrangement of  t r ea tm en ts  was chosen f o r  the 
a n a ly s i s .  These f a c t o r s  were;  f requenc ies  ( 9 ) ,  temporal condi t ions 
(3 - " i n i t i a l " ,  "medial" and " f ina l " ) ,  masking condit ions  (2 -  i p s i  l a t e r a l  
and c o n t r a l a t e r a l )  and ears  (2 ) .  The s u b je c t s  were cons idered  as a 
random f a c t o r .
CHAPTER IV
RESULTS AND DISCUSSION 
In t ro d u c t i  on
The purpose o f  the p r e s e n t  s tudy  was to  i n v e s t i g a t e  poss ib le  
changes in masking e f f i c i e n c y  over time f o r  a s imple a u d i to r y  s t im ulus .  
These changes were exp lo red  r e l a t i v e  t o  t h e  masking p a t t e r n  o f  a 1000-Hz 
pure tone f o r  both i p s i l a t e r a l  and c o n t r a l a t e r a l  masking.
Masking p a t t e r n s  were sampled in  each e a r  o f  f o u r  normal- 
hear ing  s u b j e c t s .  The 1000-Hz masker had a dura t ion  o f  1000 msec and a 
sound p re s s u re  leve l  of  50 dB. Thresholds fo r  nine maskee f r e q u e n c i e s ,  
ranging from 500 t o  1500 Hz, were measured under an unmasked condi t ion  
and a t  th ree  temporal p o s i t i o n s  under the masked c o n d i t i o n s .  During a 
masking c o n d i t i o n ,  the  maskee was d e l iv e r e d  e i t h e r  nea r  th e  beginning 
( " i n i t i a l " ) ,  a t  the  middle ("media l" )  or  nea r  the  end ( " f i n a l " )  o f  the 
m asker , The maskees had a d u r a t i o n ,  a t  maximum ampli tude ,  o f  5 msec; 
and r i s e  and decay t imes f o r  both the masker and maskees were 10 msec. 
The c l a s s i c a l  method of  l i m i t s  was employed in ob ta in in g  a l l  th r e s h o ld s .
Data were ob ta ined  f o r  a f a c t o r i a l  arrangement o f  t rea tm ents  
with s u b je c t s  cons ide red  as a random f a c t o r .  Repeated measures were 
made on the  fo l low ing  f o u r  f a c t o r s :  e a r s ,  masking c o n d i t i o n s ,  frequen­
c ie s  and temporal d e l a y s .  S t a t i s t i c a l  comparisons were made among the 
trea tments  by an a n a l y s i s  of  var iance  (AOV) s i m i l a r  to  t h a t  descr ibed
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f o r  a mixed model by Winer ( ^ ,  ch ap te r  7) .  When a p p r o p r i a t e ,  the 
Duncan's New M ul t ip le  Range T es t  (DNMRT) was u'l-.d to  make comparisons 
among means w i th i n  each f a c t o r  ( ^ ) .  Results  of  the AOV and DNMRT's 
a re  p re s e n te d  in  Appendix A.
Result s
The amount of  masking a t  each frequency in each e a r  was 
determined by s u b t r a c t i n g  the t h re s h o ld  obta ined in q u i e t  from the  
th r e s h o l d  ob ta ined  under each masking and delay c o n d i t i o n .  The r e s u l t a n t  
th re s h o ld s  were c o r r e c t e d  fo r  t r a n s d u c e r  n o n l i n e a r i t i e s  and a p p r o p r i a t e ­
ly  coded f o r  a n a l y s i s .
A l a rg e  d i f f e r e n c e  between i p s i l a t e r a l  and c o n t r a l a t e r a l  
masking was expec ted  in t h i s  exper iment.  Wegel and Lane ( ^ )  i n  1924, 
r e p o r te d  t h a t  c e n t r a l  masking was very small in magnitude when compared 
t o  the  e x t e n s i v e  p a t t e r n  obta ined  f o r  pe r iphe ra l  masking.  The f ind ings  
i n  the  p r e s e n t  s t u d y ,  i l l u s t r a t e d  i n  Figure 4 ,  conf irm t h a t  i p s i l a t e r a l  
masking i s  o f  much g r e a t e r  magnitude than c o n t r a l a t e r a l  masking.  The AOV 
(Table 7, Appendix A) r evea led  t h a t  t h i r  ' i f f e r e n c e  was s i g n i f i c a n t  a t  
the 0 .05  l e v e l .  The d a ta  p resen ted  m  a l l  appendices have been coded by 
adding 10 t o  each va lue.
Masking values  measured a t  each frequency and f o r  both masking 
c ond i t ions  a re  l o c a t e d  i n  Table 3. Obvious d i f f e r e n c e s  a re  apparen t  
between the i p s i l a t e r a l  and c o n t r a l a t e r a l  masking c o n d i t io n s  f o r  a l l  
f r equenc ies  t e s t e d  ex ce p t  500 and 1500 Hz. The DNMRT f o r  t r e a tm e n t  mear^ 
was used t o  compare the th re sho lds  f o r  the i p s i l a t e r a l  and c o n t r a l a t e r a l  
masking co n d i t io n s  a t  each o f  the  t e s t  frequencie . , .  S t a t i s t i c a l  d i f f e r ­
ences ( P < 0 . 0 5 )  were observed a t  a l l  frequencies  excep t  500 and 1500 Hz.
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Figure 4. Ipsilateral and Contralateral masking  
patterns averaged  a cr o ss  all other conditions.
TABLE 3
IPSILATERAL AND CONTRALATERAL MASKING ( in  dB) FOR THE NINE 
MASKEE FREQUENCIES AND AVERAGED ACROSS SUBJECTS,
EARS AND TEMPORAL DELAYS
Masking Maskee Frequencies (Hz)
Condit ion 500 800 900 950 1000 1050 1100 1200 1500
I p s i l a t e r a l 1.04 10.01 23.38 28.67 27.66 26.42 20.82 11.26 3.09
C e n t r a l a t e r a l 0.89 1.29 1.96 2 .08 1.86 2 .18 1.70 1.90 1.37
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This i s  probably due to  the f a c t  t h a t  l i t t l e  masking was produced a t  
these  extreme f r equenc ie s  which are a t  o r  beyond the  edges of  the mask­
ing  p a t t e r n .
The d i r e c t  comparison between i p s i l a t e r a l  and c o n t r a l a t e r a l  
masking condi t ions  r evea ls  marked d i f f e r e n c e s .  I t  i s  also g e n e ra l ly  
accepted t h a t  i p s i l a t e r a l  and c o n t r a l a t e r a l  masking r e f l e c t  p a t t e r n s  o f  
e x c i t a t i o n  a t  d i f f e r e n t  reg ions  in the aud i to ry  system. For these  
reasons ,  and f o r  s i m p l i c i t y  in p r e s e n t a t i o n ,  i p s i l a t e r a l  and c o n t r a ­
l a t e r a l  masking da ta  w i l l  be r e p o r te d  and d iscussed  separa te ly  in  the 
remainder o f  t h i s  c h ap te r .
I p s i l a t e r a l  Masking
I p s i l a t e r a l  masking occurs when the masker and the  maskee a re  
de l ive red  to  the same e a r .  In the p r e s e n t  s tu d y ,  i p s i l a t e r a l  masking was
measured a t  each l e v e l  of  the o th e r  th r e e  f a c t o r s  ( e a r s ,  f requenc ies  and
temporal de lays)  f o r  a l l  fo u r  s u b j e c t s .
E f f e c t  o f  E a r . I t  was no t  the primary purpose o f  the  p r e s e n t
in v e s t i g a t io n  t o  ex p lo re  th e  e f f e c t s  of  l a t e r a l i t y  on masking; however, 
the  design of  the exper iment d id  al low the data t o  be co l l e c t e d  in such 
a manner t h a t  t h i s  e f f e c t  could be analyzed.  Since only r e c e n t l y  have 
in v e s t i g a t o r s  (5 ,^ found t h a t  c e r t a i n  verbal  and nonverbal au d i to ry  
ta sks  r e s u l t  in  minute d i f f e r e n c e s  between the ea r s  of  normal s u b j e c t s ,  
i t  would be i n t e r e s t i n g  t o  know i f  i p s i l a t e r a l  audi to ry  masking e x h i b i t s  
l a t e r a l i t y .
The masking p a t t e r n s  f o r  both r i g h t  and l e f t  ear s  are p r e s e n t ­
ed in Figure 5.  The i p s i l a t e r a l  masking p a t t e r n s  fo r  both ea r s  e s ­
s e n t i a l l y  coinc ide w i th  one ano ther .  Only a t  1100 Hz was a s u b s t a n t i a l
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Figure 5 .  Ipsilateral (upper c u r v e s )  and 
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Right and Left ears.
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d i f f e r e n c e  (3 .55  dB) observed.  All o th e r  d i f f e r e n c e s  were le ss  than 
2.09 dB.
The AOV (Appendix A, Table 7) revea led  t h a t  th e re  was no 
s i g n i f i c a n t  d i f f e r e n c e  ( P > 0 . 0 5 )  f o r  ears  or  f o r  the  ear -by-masking 
con d i t io n  i n t e r a c t i o n .  The i n t e r a c t i o n s  of  ear-by- tempora l  delay and 
ea r -b y - f r eq u en c y  were a l s o  n o n s ig n i f i c a n t  ( P > 0 . 0 5 ) .  A DNMRT comparing 
l e f t  and r i g h t  ea r  i p s i l a t e r a l  masking means a t  each of  th e  t e s t  
f r equenc ies  r evea led  a s t a t i s t i c a l l y  s i g n i f i c a n c e  d i f f e r e n c e  ( P < 0 . 0 5 )  
only a t  1100 Hz where th e  l e f t  e a r  manifes ted  more masking than the 
r i g h t  e a r .  I t  i s  l i k e l y  t h a t  the s t a t i s t i c a l l y  s i g n i f i c a n t  f in d in g  a t  
t h i s  i s o l a t e d  frequency was due t o  chance.
E f f e c t  o f  Frequency. The i p s i l a t e r a l  masking p a t t e r n  measured 
in t h i s  experiment i s  i n  good agreement with the f in d in g s  of  previous 
i n v e s t i g a t o r s  ( ^ ,  ^ ) .  The masking e f f e c t s  a re  p re sen te d  in Figure 4 
and i n  Table 3. Masking was observed t o  in c re a s e  sh a rp ly  as the  t e s t  
f requency approached t h a t  of  the  masker. The masking p a t t e r n  extended 
as f a r  down as 500 Hz where 1.04 dB of  masking was ob ta ined .  Upward 
s p re a d  was appa re n t ly  somewhat g r e a t e r  as 3.09 dB o f  masking was 
produced a t  1500 Hz. Of the nine t e s t  f r e q u e n c i e s ,  950 Hz ex h ib i t e d  
th e  most i p s i l a t e r a l  masking (28.67 dB), while a t  1000 Hz only 27.66 dB 
was measured.  The g r e a t e r  masking e f f e c t  a t  950 Hz compared to  1000 Hz 
i s  a t t r i b u t a b l e  to one s u b j e c t  (S #2).  All o th e r  s u b j e c t s  showed 
g r e a t e r  masking,  o v e r a l l ,  a t  1000 Hz than a t  950 Hz, bu t  because o f  a 
much l a r g e r  d i f f e r e n c e  in  the opposite  d i r e c t i o n  f o r  S #2,  the over ­
a l l  mean was g r e a t e s t  a t  950 Hz.
53
For f requenc ies  ad jacen t  to the masker I t  appeared t h a t  
g r e a t e r  masking occur red  j u s t  below the  masker than above the masker. 
However, w i th  f requenc ies  f a r t h e r  away from the masker, t h e r e  appeared 
t o  be a g r e a t e r  e f f e c t  in  the  h ig h e r  f requenc ies  than in  the lower 
f r equenc ie s .
The AOV (Table 7 in  Appendix A) revealed t h a t  the overa l l  
e f f e c t  f o r  frequency produced an F r a t i o  o f  65.55 [P(F >  3 . 8 3 ) -C 0 .005] .  
The frequency-by-masking cond i t ion  i n t e r a c t i o n  was a l s o  s i g n i f i c a n t  
( P <  0 ,005)  with  an F r a t i o  of  67 . 79. The DNMRT comparing f requenc ies  
was performed on the i p s i l a t e r a l  masking means (Appendix A, Table 8 ) .  
S i g n i f i c a n t  d i f f e r e n c e s  ( P <  0 .05 )  were found between a l l  frequency p a i r s  
ex ce p t  950 and 1000 Hz.
The use o f  under l in ing  was employed to  denote n o ns ign i f i cance
o f  DNMRT mean comparisons (48). The absence of  under l in ing  between
o r  among means i s  i n d i c a t i v e  o f  a s i g n i f i c a n t  d i f f e r e n c e  ( P <  0 .0 5 ) .
The AOV a l s o  revea led  t h a t  the  frequency-by-temporal  delay
i n t e r a c t i o n  was s t a t i s t i c a l l y  s i g n i f i c a n t  ( P <  0 .05 ,  F = 2.36) whi le  
a l l  o th e r  frequency i n t e r a c t i o n s  were no t  s i g n i f i c a n t .  Although the 
frequency-by-masking condi t ion-by- tempora l  delay i n t e r a c t i o n  was not  
s t a t i s t i c a l l y  s i g n i f i c a n t ,  the DNMRT was employed to  compare i p s i l a t e r a l  
masking means among f requenc ies  under each temporal de lay  c o nd i t ion .
Resu l t s  o f  t h i s  s t a t i s t i c a l  ana ly s i s  are found in Appendix A, 
Table 9. For th e  " i n i t i a l "  p o s i t i o n ,  d i f f e re n ces  were no t  s i g n i f i c a n t  
between 950 and 1000 Hz, between 1000 and 1050 Hz o r  between 800 and 
1200 Hz. All o th e r  t e s t  frequency comparisons were s i g n i f i c a n t  ( P <  0.05)
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The r e s u l t s  f o r  the "medial" p o s i t i o n  revea led  no s i g n i f i c a n t  
d i f f e r e n c e s  between 950 and 1000 Hz, between 800 and 1200 Hz or  between 
500 and 1500 Hz. All remaining d i f f e re n c e s  were s t a t i s t i c a l l y  s i g n i f i c a n t  
( P <  0 . 0 5 ) .
The " f i n a l "  p o s i t i o n  r e s u l t s  revea led  no s i g n i f i c a n t  d i f fe rences  
between 950 and 1000, between 1000 and 1050 Hz o r  between 800 and 1200 Hz. 
All o th e r  mean comparisons revea led  s i g n i f i c a n t  d i f f e r e n c e s .
A g raph ic  i l l u s t r a t i o n  o f  the  frequency-by-masking cond i t ion -  
by- temporal delay  i n t e r a c t i o n  i s  p resen ted  in Figure 6. This f i g u re  
shows th e  i p s i l a t e r a l  masking p a t t e r n s  f o r  the  th ree  temporal delay 
p o s i t i o n s .  The " i n i t i a l "  and " f i n a l "  masking curves g e n e ra l ly  show more 
masking than i s  i l l u s t r a t e d  f o r  the  "medial" curve.  The " i n i t i a l "  
p o s i t i o n  a l s o  y i e l d s  c o n s i s t e n t l y  h ig h e r  th re sho ld s  than the " f in a l "  
p o s i t i o n .  This comparison w i l l  be d iscussed  in  g r e a t e r  d e t a i l  in a
subsequen t  s e c t i o n  o f  t h i s  chap te r .
The comparison between the  ove ra l l  i p s i l a t e r a l  masking data 
ob ta ined  in  t h i s  experiment and r e s u l t s  r e p o r te d  by o t h e r  i n v e s t i g a t o r s  
i s  tenuous because the co n d i t io n s  employed in t h i s  s tudy  d i f f e r  from 
those used by o t h e r s .  In s e v e ra l  in s t a n c e s  i p s i l a t e r a l  masking p a t t e rn s  
have been ob ta ined  f o r  masker f requenc ies  o th e r  than 1000 Hz. Even when 
the  frequency  of  1000 Hz was used,  the  masker leve l  was g en e ra l ly  not  
comparable to  the i n t e n s i t y  u t i l i z e d  in  t h i s  s tudy .  Ehmer (21) has 
r e p o r t e d ,  however,  on the masking e f f i c i e n c y  o f  a 1000-Hz masker
d e l iv e r e d  a t  40-dB SL. This i s  e s s e n t i a l l y  th e  same as the  50-dB SPL
masker than was employed i n  the  p r e s e n t  experiment .  The r e s u l t s  from 
the  p r e s e n t  s tudy  are  in  good agreement with Ehmer's f i n d i n g s .
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C a r t e r  and Kry te r  (6^ ) measured the masking o f  a 1000-Hz tone 
a t  a s e n s a t io n  leve l  o f  68 dB. Maskees ranged between 100 and 10,000 Hz. 
A d i r e c t  comparison o f  t h e i r  f ind ings  to  the r e s u l t s  o f  the p r e s e n t  
i n v e s t i g a t i o n  i s  r e s t r i c t e d  because o f  the d i f f e r e n c e  in masker l e v e l s .  
The masking p a t t e r n  which they ob ta ined  extended from 500 to  6000 Hz. 
Unlike the  masking p a t t e r n  in  the  p r e s e n t  s tu d y ,  t h e i r  f ind ings  showed 
an ex t e n s iv e  upward sp read  o f  masking.  This i s  probably a r e s u l t  of  
the  h ig h e r  masker leve l  which they  employed.
Although Wegel and Lane (55^) d id  no t  measure masking f o r  a 
1000-Hz masker,  they d id  examine the p a t t e rn s  fo r  tones o f  800 and 
1200 Hz. The shape and magnitude of  masking f o r  both o f  t h e i r  maskers,  
when p re s e n te d  a t  a comparable l e v e l ,  were s i m i l a r  to  t h a t  observed 
in  the  c u r r e n t  s tudy  f o r  the 1000-Hz masker.
Small (46) p re s en te d  masking da ta  f o r  maskees ranging from 
400 t o  6400 Hz which were d e l iv e r e d  a t  co n s ta n t  15-and 30-dB sensa t ion  
l e v e l s ,  and recorded th e  le v e l  o f  var ious  maskers needed to  j u s t  mask 
th e  maskee. No d i r e c t  comparison can be made between the p r e s e n t  f i n d ­
ings  and S m al l ' s  r e s u l t s ,  however, the  d i s t r i b u t i o n s  o f  masking are q u i t e  
s i m i l a r .
In g e n e ra l ,  i p s i l a t e r a l  masking fo r  a pure - to n e  s igna l  was 
found t o  be s i m i l a r  t o  t h a t  r epo r te d  by o the r  i n v e s t i g a t o r s  showing an 
e x t e n s iv e  masking e f f e c t  f o r  f requenc ies  near  the masker. The f ind ings  
a l s o  show t h a t  the masking p a t t e r n  approaches but  does no t  reach 
symmetry around the masker frequency .  For f requenc ies  n e a re r  t o  the 
masker,  more masking e f f e c t  was observed below the masker than above the 
masker.  For f requenc ies  f a r t h e r  removed from the masker,  more masking 
was found above than below the  masker.
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E f f e c t  o f  Temporal Delay. Some i n v e s t i g a t o r s  ( ^ ,  41,
5 6 , 58 ) have r e p o r te d  t h a t  masking e f f i c i e n c y  changes dur ing  the course 
o f  the  masker while  o the rs  (19 ,^ 61 ,^ 6^ ,  M )  have found t h a t  no
change occurs .  The primary goal o f  the p r e s e n t  s tudy  was to  determine 
i f  masking e f f i c i e n c y  changes over time f o r  a p u re - to n e  masker. Three 
temporal  de lays  of  th e  maskees with r e s p e c t  to the o n s e t  of  the  masker 
were compared. The " i n i t i a l "  p o s i t i o n  p laced  the  maskee near the 
beg inn ing  o f  the  masker.  The "medial" p o s i t i o n  r e q u i r e d  the maskee to  
be midway between the  onset  and o f f s e t  o f  the masker.  In the " f in a l "  
p o s i t i o n ,  the  maskee was placed n e a r  the  o f f s e t  o f  the  masker. These 
temporal  de lays  are i l l u s t r a t e d  in Figure 3 ,  page 36.
Overa l l  t h r e s h o ld  r e s u l t s  ob ta ined  f o r  each temporal pos i t ion  
f o r  t h e  i p s i l a t e r a l  masking condi t ion  revea led  mean masking values of  
19.80 dB f o r  the  " i n i t i a l "  p o s i t i o n ,  14.79 dB f o r  the "medial" p o s i t ion  
and 16.06 dB f o r  the  " f i n a l "  p o s i t i o n .  Result s  f o r  each delay pos i t ion  
a t  each f requency  are  repo r ted  in  Table 4.  An i l l u s t r a t i o n  o f  the  
e f f e c t  of  temporal  de lay  a t  each frequency i s  p re s e n te d  in Figure 7. 
Curves f o r  each frequency are p l o t t e d  in  dB o f  masking by mi l l i seconds  
o f  temporal  de lay .  The curves c o n s i s t e n t l y  show more masking a t  the 
" i n i t i a l "  p o s i t i o n  than a t  e i t h e r  o f  the  o th e r  p o s i t i o n s .  Except a t  
500 Hz, a l l  curves show g r e a t e r  masking a t  the " f i n a l "  than a t  the  
"medial" de lay  p o s i t i o n .
The term overshoot  app l ie s  to  an in c re a s e  in  masking e f f i c i e n c y  
when compared t o  s t e a d y - s t a t e  masking. Several  i n v e s t i g a t o r s  cons ider  
s t e a d y - s t a t e  masking t o  occur a f t e r  the masker d u ra t i o n  has reached 200 
to  300 msec (2 3 , 6 5 , 6 6 , 6^) .  T h e re fo re ,  the "medial" p o s i t i o n
TABLE 4
IPSILATERAL MASKING ( in  dB) FOR THE NINE MASKEE FREQUENCIES 
AT THE THREE TEMPORAL POSITIONS AND AVERAGED 
ACROSS SUBJECTS AND EARS
Temporal
Delay 500 800 900
Maskee Frequencies  (Hz) 
950 1000 1050 1100 1200 1500
I n i t i a l 1.71 12.40 26.54 32.46 31.49 30.15 24.21 14.17 5 .04
Medi al 0 .90 7.96 20.63 25.81 25.36 23.46 18.34 9.04 1.64
Final 0.52 9 .67 22.96 27.75 26.13 25.75 19.91 10.58 2 .58
Mean 1 .04 10.01 23.38 28.67 27.66 26.45 20.82 11.26 3.09
tn
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Figure 7. Ipsilateral masking a s  a function o f  
t im e  b e t w e e n  m a sk e r  and m a s k e e  for e a c h  
f req u en cy .
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(500-msec de lay) t h r e s h o l d  obtained  in the  p r e s e n t  s tudy  could be 
i n t e r p r e t e d  as be ing  r e p r e s e n t a t i v e  of s t e a d y - s t a t e  masking. By 
s u b t r a c t i n g  the "medial"  p o s i t i o n  r e s u l t s  from the " i n i t i a l "  and " f in a l "  
p o s i t i o n  r e s u l t s ,  the  magnitude ( in dB) of  overshoot  was determined 
near  onse t  and o f f s e t  of the masker. This procedure was c a r r i e d  out  fo r  
each t e s t  frequency f o r  both i p s i l a t e r a l  and c o n t r a l a t e r a l  masking 
condit ions ,  and the  r e s u l t s  are presented in Table 5.
Overshoot  near  the onse t  of  the  masker was c o n s i s t e n t l y  
l a r g e r  than t h a t  observed a t  the  o f f s e t  o f  the masker. Near both the 
onset  and o f f s e t ,  a somewhat symmetrical p a t t e r n  of  overshoot  su r round­
ing  the frequency o f  the masker was observed.  Onset ove r sh o o t ,  however, 
appeared to  be b e t t e r  r e l a t e d  to  the amount o f  " i n i t i a l "  t h r e s h o l d  s h i f t  
than t o  the frequency d i f f e re n c e  between the masker and maskee.
For o f f s e t  ove rshoo t ,  i t  was d i f f i c u l t  to  determine whether 
frequency d i f f e r e n c e  between the  masker and maskee o r  the  amount o f  
t h re s h o ld  s h i f t  was b e s t  r e l a t e d  to  the magnitude of  overshoot .
The r e l a t i o n s h i p  between onset  overshoot  and " i n i t i a l "  
th re s h o ld  s h i f t  appeared to  hold a t  a l l  t e s t  f requenc ies  except  1000 Hz. 
Overshoot near  both  the  onse t  and o f f s e t  of  the masker was g r e a t e r  a t  
950 and 1050 Hz than a t  1000 Hz. However, f o r  the m a jo r i t y  o f  s u b j e c t s ,  
the g r e a t e s t  masking e f f e c t  was observed a t  1000 Hz. A s i n g l e  e x p l a ­
na t ion  may account f o r  t h i s  observa tion .  When the  1000-Hz tone was used 
as both the masker and maskee, the two s i g n a l s  in  the  i p s i l a t e r a l  masking 
condi t ion  were always in phase with r e s p e c t  to  each o th e r .  The phase 
r e l a t i o n s h i p  was random f o r  a l l  o the r  t e s t  f r e q u e n c i e s .  The th r e s h o l d  
measured f o r  the 1000-Hz maskee i s  based only on the phase r e l a t i o n
TABLE 5
OVERSHOOT ( in  dB) OBTAINED AT THE INITIAL 
AND FINAL DELAY POSITIONS FOR THE IPSILATERAL AND THE 
CONTRALATERAL MASKING CONDITIONS
Masking
Condit ion
Region o f  
Overshoot 500 800 900
Maskee Frequencies  (Hz) 
950 1000 1050 1100 1200 1500
Ini t i  al 0.81 4.44 5.91 6.65 6.13 6.69 5 .87 5.13 3.40
I p s i l a t e r a l
Final -0 .3 8 1.71 2 .33 1.94 0.77 2.29 1.57 1.54 0 .94
I n i t i a l 1.25 2.25 2.70 3.59 3.21 2.66 3.13 2.56 1.57
C o n t r a l a t e r a l
Final 0 .42 0 .8 8 1.29 0 .97 0.32 -■0.44 0.46 0.19 -0 .1 4
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which produces summation between the two s i g n a l s .  This th r e s h o ld  
could be con s id e ra b ly  lower,  t h e r e f o r e ,  than the t h r e s h o l d  determined 
fo r  the se  maskees which were a t  random phase with the masker,  and with  
which both summation and c a n c e l l a t io n  could have occurred .
S t a t i s t i c a l  a n a ly s i s  f o r  the o v e ra l l  temporal de lay  e f f e c t  
can be found in  Table 7 of  Appendix A which con ta ins  the  r e s u l t s  of  the 
AOV. The F r a t i o  o f  10.87 revea led  t h a t  the temporal de lays  produced 
a s i g n i f i c a n t  e f f e c t  on th re s h o ld  ( P < 0 . 0 5 ) .  The temporal delay-by-  
masking c o nd i t ion  i n t e r a c t i o n  y ie ld e d  an F r a t i o  o f  6 .04  and was a l s o  
s i g n i f i c a n t  ( P < 0 . 0 5 ) .  A DNMRT was performed t o  compare th e  o ve ra l l  
i p s i l a t e r a l  masking condi t ion  means a t  each of  th e  th r e e  de lay  p o s i t i o n s .  
S t a t i s t i c a l l y  s i g n i f i c a n t  ( P < 0 . 0 5 )  d i f f e r e n c e s  were ob ta ined  f o r  a l l  
p o s s i b l e  comparisons o f  the " i n i t i a l " ,  "medial" and " f i n a l " p o s i t i o n s .
The only  o t h e r  temporal  delay i n t e r a c t i o n  which r e s u l t e d  i n  a s i g n i f i c a n t  
F r a t i o  ( P < 0 . 0 5 )  was the  temporal de lay-by-f requency i n t e r a c t i o n  
(F = 2 .3 7 ) .
Although the  temporal delay-by-masking cond i t ion -by- f requency  
i n t e r a c t i o n  was n o t  s i g n i f i c a n t ,  a DNMRT was employed a t  each frequency 
to  compare the  i p s i l a t e r a l  masking means f o r  the t h r e e  temporal de lays .  
Result s  o f  t h i s  s t a t i s t i c a l  t e s t  are p resen ted  in  Table 10 of  Appendix A. 
I t  was noted  t h a t  only  a t  500 Hz did n o n s ig n i f i can ce  occur  among the 
mean values  a t  a l l  th ree  temporal p o s i t i o n s .  The th r e e  p o s i t i o n s  
d i f f e r e d  ( P < 0 . 0 5 )  from one another  a t  900,  950 and 1050 Hz. At 800,  
1000, 1100, 1200 and 1500 Hz d i f f e r e n c e s  were observed between the 
" i n i t i a l "  p o s i t i o n  and both the "medial" and " f i n a l "  p o s i t i o n s ;  how­
e v e r ,  the  "medial"  and " f i n a l "  p o s i t i o n s  themselves d id  n o t  y i e l d  
s i g n i f i c a n t l y  d i f f e r e n t  r e s u l t s .
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Ind iv idual  S u b je c t  Data . Appendices B through E con ta in  
t a b u la t i o n s  and i l l u s t r a t i o n s  o f  ind iv idua l  s u b je c t  data.  Tab les  13,
14, 15 and 16 conta in  coded d a ta  f o r  the four  s ub jec t s  f o r  each e a r ,  
masking c o n d i t io n ,  frequency  and temporal delay.  Figures 10,  12, 14 
and 16 r e p re s e n t  the  o v e r a l l  i p s i l a t e r a l  and c o n t r a l a t e r a l  masking 
p a t t e rn s  f o r  each s u b j e c t .  Figures 11, 13, 15 and 17 i l l u s t r a t e  
i p s i l a t e r a l  and c o n t r a l a t e r a l  masking fo r  each o f  the  th ree  temporal 
de lays.
The co n s i s t e n c y  o f  the  i p s i l a t e r a l  masking p a t t e r n s  (Figures 
10, 12, 14 and 16) i s  g e n e r a l l y  good among the fo u r  s u b j e c t s ,  al though 
d i f f e re n c e s  among s u b j e c t s  a re  e v id e n t  a t  c e r t a in  f r e q u e n c i e s .  The 
p a t t e r n  f o r  s u b j e c t  #1 showed l e s s  ove ra l l  masking than the p a t t e r n s  f o r  
the o th e r  th re e  s u b j e c t s .  S ub jec t  #2 manifested more i p s i l a t e r a l  masking 
than the o th e r  s u b j e c t s .  S ub jec t  #2 a l so  showed more masking a t  950 Hz 
than a t  1000 Hz whereas f o r  the  o th e r  s u b j e c t s ,  the  reverse  was t r u e .
The e f f e c t  o f  th e  t h r e e  temporal delay p o s i t i o n s  can be seen 
on the  masking p a t t e r n s  f o r  each s u b je c t  in Figures 11, 13, 15 and 17. 
Subjec t  #2 showed c o n s i s t e n t l y  more onse t  overshoot  than the  o t h e r  
th ree  s u b je c t s .  All o f  th e  s u b je c t s  gene ra l ly  showed the most masking 
a t  the " i n i t i a l "  p o s i t i o n ,  w h i le  the l e a s t  masking occurred when the 
maskee was in  the "medial"  p o s i t i o n .
C o n t r a l a t e r a l  Masking
C o n t r a l a t e r a l  masking occurs when the masker i s  p r e s e n te d  to  
one e a r  and the maskee i s  d e l i v e r e d  t o  the o the r  e a r .  In t h e  p re sen t  
experiment,  c o n t r a l a t e r a l  masking was measured a t  each leve l  o f  the
64
o th e r  th ree  f a c t o r s  ( e a r s ,  f requenc ies  and temporal de lays)  f o r  a l l  
f o u r  sub jec t s .
E f fec t  of Ear . C o n t r a la t e r a l  masking p a t t e r n s  f o r  each e a r  
a re  i l l u s t r a t e d  in Figure 5,  page 51.  Overlap of  the r i g h t  and l e f t  
e a r  p a t t e r n s  i s  observed,  and as r e p o r te d  p r e v io u s ly ,  s t a t i s t i c a l  
comparison of ov e ra l l  e a r  e f f e c t s  r evea led  (AOV, Table 7 o f  Appendix A) 
t h a t  the d i f f e re nce  between ea rs  was n o n s ig n i f i c a n t  (P > 0 . 0 5 ) .  The 
DNMRT produced no s i g n i f i c a n t  d i f f e r e n c e s  (P >  0 .05)  when r i g h t  e a r  and 
l e f t  e a r  means were compared a t  each t e s t  frequency under the c o n t r a ­
l a t e r a l  masking cond i t ion .
E f fec t  of  Frequency. C o n t r a l a t e r a l  masking as a func t ion  of  
frequency i s  p resen ted  in  Table 3,  page 49 and i l l u s t r a t e d  in Figure 4 ,  
page 48. The masking p a t t e r n  i s  r e l a t i v e l y  f l a t  between the t e s t  
f requenc ies  of  500 and 1500 Hz. There was only a s l i g h t  i n d i c a t i o n  
t h a t  masking inc re a s e s  a t  t e s t  f requenc ies  su rrounding  the masker.
The magnitude o f  c o n t r a l a t e r a l  masking ranged from a minimum o f  0.89 dB 
a t  500 Hz to a maximum of  2.18 dB a t  1050 Hz.
Although the ov e ra l l  e f f e c t  f o r  frequency was s i g n i f i c a n t  
( P <  0.005) with an F r a t i o  of  65 .55 ,  and the frequency-by-masking 
cond i t ion  i n t e r a c t i o n  revea led  an F r a t i o  of  67.79 and was a l so  
s t a t i s t i c a l l y  s i g n i f i c a n t  ( P <  0 .0 0 5 ) ,  the DNMRT comparing f requenc ies  
(Appendix A, Table 8) showed a s i g n i f i c a n t  d i f f e r e n c e  ( P <  0 .05)  only 
between 1050 and 500 Hz. All o th e r  mean frequency comparisons were 
n o t  s i g n i f i c a n t .
The AOV a l s o  r evea led  t h a t  the frequency-by- temporal  delay 
i n t e r a c t i o n  was s t a t i s t i c a l l y  s i g n i f i c a n t  ( P <  0 . 0 5 ) ,  while a l l  o th e r
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frequency i n t e r a c t i o n s  were not  s i g n i f i c a n t .  Although the frequency- 
by-masking condi t ion-by-tempora l  delay i n t e r a c t i o n  was not  s i g n i f i c a n t ,  
the DNMRT was employed to  compare c o n t r a l a t e r a l  masking means among 
f requencies  f o r  each temporal de lay .
Appendix A, Table 11, conta ins  the r e s u l t s  o f  t h i s  DNMRT.
Analysis  f o r  the " i n i t i a l "  p o s i t i o n  revealed t h a t  f requencies  950,  1000,
1050 and 1100 Hz each d i f f e r e d  s i g n i f i c a n t l y  from 500 Hz (P < 0 . 0 5 ) ;  how­
eve r ,  a l l  o th e r  frequency comparisons were not  s i g n i f i c a n t .  The "medial" 
and " f i n a l "  delay r e s u l t s  f o r  the c o n t r a l a t e r a l  masking condi t ion  showed 
no d i f f e r e n c e s  among any o f  the n ine t e s t  frequencies  ( P >  0 .05 ) .
A graph ic  i l l u s t r a t i o n  of  the frequency-by-masking condi t ion-by-  
temporal delay i n t e r a c t i o n  i s  p resen ted  in  Figure 8. This f igu re  shows 
t h a t  the " i n i t i a l "  delay p o s i t i o n  manifes ts  the g r e a t e s t  masking a t  a l l  
f requenc ies .  The "medial" and " f i n a l "  curves show e s s e n t i a l l y  no d i f f e r ­
ence a t  1000 Hz and above; however,  below 1000 Hz, the  curve f o r  the  
" f i n a l "  p o s i t i o n  shows more masking than the curve f o r  the "medial" p o s i t i o n .
C o n t r a la t e r a l  p u re - to n e  masking has been repor ted  by severa l  
o th e r  i n v e s t i g a t o r s  (8 ,  18, 21» ^ »  §^)  t o  be c o n s i s t e n t l y  g r e a t e r
than t h a t  observed in the p r e s e n t  experiment.  However, the r e s u l t s  o f  
Wegel and Lane, (52) ,  appear comparable t o  the p re s e n t  f ind ings .
Wegel and Lane's  (55) masking experiment shows very l i t t l e  
c o n t r a l a t e r a l  masking fo r  a 1200-Hz masker a t  f requencies  from 350 
to 4000 Hz. E x t r ap o la t in g  from t h e i r  masking curves ,  c o n t r a l a t e r a l  
masking i s  l e s s  than 2 t o  3 dB even fo r  frequencies  c lose  t o  the 
masker. No masking e f f e c t  was obta ined  a t  t e s t  f requenc ies  f a r t h e r  
removed from the masker.
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Dirks and Norris  (18) were p r im a r i l y  concerned with the 
measurement of  pu re - tone  c o n t r a l a t e r a l  masking for var ious  temporal 
r e l a t i o n s  between the masker and maskee. Maskee f requenc ies  extended 
from 800 to 1200 Hz while the  masker was 1000 Hz. Thei r  P-C condit ion 
was s i m i l a r  to  th e  "medial"  p o s i t i o n  o f  the  p resen t  s tudy  with regard 
t o  temporal r e l a t i o n s .  The "medial" p o s i t i o n  data revea led  le ss  mask­
ing  (0.25  t o  1.44  dB) than Dirks and N orr is  found (1 t o  4 dB). The 
Dirks and Norris  P-C d a t a ,  however,  i s  in good agreement with the da ta  
o b ta in e d  f o r  the " i n i t i a l "  p o s i t i o n  in the  presen t  i n v e s t i g a t i o n .
Zwislocki and h i s  co-workers ( M ,  6 9 )  measured c o n t r a l a t e r a l  
masking dur ing th e  s t e a d y - s t a t e  masking condit ion  and compared i t  with 
masking during th e  t r a n s i e n t  or  overshoot  period.  The s t e a d y - s t a t e  
masking produced by a 1000-Hz masker a t  40-dB SL ranged from approxi ­
mate ly  0.5  dB t o  3 dB a t  t e s t  f r equenc ie s  between 700 and 1500 Hz 
(6 9 ) .  This was g r e a t e r  than the c u r r e n t  f indings  f o r  the  "medial" 
p o s i t i o n  bu t  e s s e n t i a l l y  the  same as the  p re s e n t  " i n i t i a l "  and " f in a l "  
p o s i t i o n  r e s u l t s .  C o n t r a l a t e r a l  masking during the t r a n s i e n t  period 
was cons iderab ly  g r e a t e r  f o r  the average o f  the  th ree  su b je c t s  of  
Z w is lock i ,  e t ^ .  (68) ( rang ing from 1.5 dB a t  300 Hz to  8 dB a t  1000 Hz) 
than f o r  the fou r  s u b jec t s  o f  the  p r e s e n t  s tudy  (ranging from 1.58 dB 
a t  500 Hz t o  4.15 a t  950 Hz). One o f  t h e i r  sub jec t s  e x h i b i t e d  as much 
as 12 dB of masking a t  a f requency a d j a c e n t  t o  the masker during the 
t r a n s i e n t  pe r iod .  All c ond i t ions  showed the g r e a t e s t  masking a t  
f r equenc ies  c lo s e ly  surrounding  the  f requency of the  masker.
Hughes ( ^ )  r e p o r te d  a very l a rg e  cen t ra l  masking e f f e c t  when 
a 1100 Hz tone was u t i l i z e d  as both the  masker and the maskee. Masker
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l e v e l s  of  5 ,  10 and 15 dB above th r e s h o ld  were employed. Masking 
magnitudes a t  these  l e v e l s  were 4 . 1 ,  7.3 and 9.5  dB r e s p e c t iv e l y .  Hughes 
ob ta ined  g r e a t e r  masking fo r  h i s  5-dB SL masker than was observed a t  
any f requency  with the 50-dB SPL masker used in  the p r e s e n t  i n v e s t i g a t i o n .
Ingham ( ^ )  measured the  c e n t r a l  masking p a t t e r n  of  a 1000-Hz 
masker a t  30-dB SL with maskees ranging from 200 to  4000 Hz. Frequen­
c i e s  nea r  the  masker showed 12 t o  13 dB o f  masking whereas f requencies  
f a r t h e r  away showed negat ive  masking ( -1  to  -3 dB). In a subsequent  
exper im en t ,  he again sampled th e  masking p a t t e r n  of  a 1000-Hz masker 
w i th  t e s t  f r equenc ie s  ranging from 600 t o  1400 Hz. The masking 
p a t t e r n  was found t o  be r e s t r i c t e d  to  f requenc ies  above 760 Hz with 
on ly  1 dB o f  masking observed a t  1240 and 1400 Hz. Maximum masking 
(9 dB) occurred  below the  frequency of  the masker a t  920 Hz while 
only 5 .5  dB of  masking occurred a t  a comparable h ig h e r  frequency 
(1080 Hz). Ingham's r e s u l t s  were g e n e ra l ly  of g r e a t e r  magnitude than 
those  o b ta ined  in the  p re sen t  s tudy .
Several  o f  the above s t u d i e s  have repor ted  cons iderab ly  more 
c o n t r a l a t e r a l  masking than the p r e s e n t  i n v e s t i g a t i o n .  Two fa c to r s  may 
account f o r  t h i s  discrepancy.
F i r s t ,  the s ub jec t s  used in the  p r e s e n t  exper iment  had 
performed in  numerous o th e r  psychophysical  experiments using aud i to ry  
s t im u l i  and were cons idered t o  be s o p h i s t i c a t e d  l i s t e n e r s  f o r  t h i s  type 
o f  t a s k .  In a d d i t i o n ,  they underwent s i x  hours of  p r a c t i c e  to  t r a i n  
them t o  perform a t  an optimum l e v e l .  The compound e f f e c t s  o f  s u b j e c t  
s o p h i s t i c a t i o n  and t r a i n i n g  cou ld  account  f o r  the small  magnitude o f  
masking ob ta ined  in  the  p r e s e n t  s tudy .
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Second,  the method o f  th re s h o ld  de termina tion  may account f o r  
repo r ted  d i f f e r e n c e .  In the p r e s e n t  i n v e s t i g a t i o n  the  c l a s s i c a l  
method o f  l i m i t s  was employed. Several  o th e r  i n v e s t i g a t o r s  ( ^ ,  5^)
have used a modified method o f  l i m i t s  in  which only ascending th re s h o ld  
measures were cons idered.  By us ing  only the  ascending technique the 
amount o f  masking may have been overes t im ated .  Whether or  not the 
above f a c t o r s  have in f lu en ced  the  amount o f  c o n t r a l a t e r a l  masking 
must await  f u r t h e r  i n v e s t i g a t i o n .
E f f e c t  of  Temporal Delay. The e f f e c t s  o f  temporal r e l a t i o n s  
on c o n t r a l a t e r a l  masking have been demonstrated by severa l  i n v e s t i g a t o r s  
(iZ* M» 23, 68,  ^ ) .  Changes in masking e f f i c i e n c y  over time were
s tu d ie d  in  th e  p resen t  experiment.  Pure- tone  maskees were presented  
a t  th r e e  temporal de lays r e l a t i v e  to  a 1000-Hz, 1000-msec c o n t r a l a t e r a l  
masker. Under the t h r e e  temporal delay cond i t ions  the  maskees were 
p re sen te d  n e a r  the o n s e t  of  the  masker ( " i n i t i a l "  p o s i t i o n ) ,  a t  the 
midpoint o f  the masker ("medial"  p o s i t i o n )  and n e a r  the  o f f s e t  o f  the 
masker ( " f i n a l "  p o s i t i o n ) .  The temporal de lay  p o s i t i o n s  are i l l u s t r a t e d  
in Figure 3,  page 36.
An overa l l  mean o f  th r e s h o ld  r e s u l t s  ob ta ined  fo r  each 
temporal p o s i t i o n  r evea led  c o n t r a l a t e r a l  masking values  of  3.24 dB 
f o r  the " i n i t i a l "  p o s i t i o n ,  0.76 dB f o r  th e  "medial" p o s i t i o n  and 1.20 dB 
f o r  the " f i n a l "  p o s i t i o n .  Resu l t s  f o r  each delay p o s i t i o n  a t  each 
frequency a re  presen ted in Table 6.  An i l l u s t r a t i o n  of  the e f f e c t  o f  
temporal de lay  a t  each frequency i s  p re sen te d  in Figure 9. This f i g u r e  
i s  d iv ided  i n t o  th ree  graphs (A, B and C) f o r  s i m p l i c i t y  of  p r e s e n t a t i o n .
TABLE 6
CONTRALATERAL MASKING ( in  dB) FOR THE NINE MASKEE FREQUENCIES 
AT THE THREE TEMPORAL POSITIONS AND AVERAGED 
ACROSS SUBJECTS AND EARS
Temporal
Delay 500 800 900
Maskee Frequencies (Hz) 
950 1000 1050 1100 1200 1500
I n i t i a l 1.58 2.50 3.33 4.15 3.89 4.10 3.63 3.54 2.46
Medial 0 .33 0 .25 0 .63 0.56 0 .68 1.44 0 .50 0 .98 0.89
Final 0.75 1.13 1.92 1.53 1.00 1.00 0.96 1.17 0.75
Mean 0.89 1.29 1.96 2.08 1.86 2.18 1.70 1.90 1.37
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Figure 9  A ,B, and C. Contralateral m asking a s  a  
fu n ct io n  of time b e tw e e n  m a sk e r  and m a s k e e  for 
ea ch  freq u en cy .
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Masking curves f o r  each frequency a r e  p l o t t e d  in dB along th e  ordinate 
with  the  ab s c i s s a  de f ined  in m i l l i s e c o n d s  of  delay .
The curves of  Figure 9 show g en e ra l ly  more masking a t  the 
" i n i t i a l "  p o s i t i o n  than a t  e i t h e r  o f  the o th e r  de lay  p o s i t i o n s .  
Although s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  were not  obta ined  a t  
any frequency between the  "medial" and " f i n a l "  p o s i t i o n s ,  a s l ig h t  
masking inc re a s e  a t  the " f i n a l "  p o s i t i o n  i s  e v i d e n t  a t  a l l  f requencies  
excep t  1050 and 1500 Hz.
Overshoot was measured as the d i f f e r e n c e  between the 
" i n i t i a l "  and "medial" and the  " f i n a l "  and "medial" p o s i t i o n s  for the  
c o n t r a l a t e r a l  masking c o n d i t i o n s .  The magnitude o f  overshoot  a t  each 
frequency i s  p resen ted  in  Table 5 ,  page 61.
Onset overshoot  f o r  a c o n t r a l a t e r a l  masker was found at each 
of  the  n ine  t e s t  f r e q u e n c i e s .  Although th e re  appeared to  be a small 
amount o f  o f f s e t  overshoot  a t  some f r e q u e n c i e s ,  the  " f i n a l "  pos i t ion  
th re s h o ld s  were no t  c o n s i s t e n t l y  g r e a t e r  than the th r e s h o ld s  a t  the 
"medial" p o s i t i o n .
Zw is lock i ,  e ^  (68) have re p o r te d  t h a t  overshoot  at  the  
o n s e t  o f  a c o n t r a l a t e r a l  masker was r e l a t e d  t o  the  i n i t i a l  s h i f t  i n  
th r e s h o l d .  This was suppor ted  in  th e  f in d in g s  of  the  p r e s e n t  
i n v e s t i g a t i o n  as onse t  ove rshoo t  was g e n e ra l ly  g r e a t e r  a t  frequenc ies 
which showed the g r e a t e r  amount of  masking a t  the " i n i t i a l "  p os i t ion .
Comparison of  the magnitude of  overshoot  between the 
i p s i l a t e r a l  and c o n t r a l a t e r a l  masking co n d i t io n s  i s  p r e s en te d  in 
Table 5.  I t  shows t h a t  the i p s i l a t e r a l  " i n i t i a l "  overshoot  i s  
approximate ly twice the amount o f  c o n t r a l a t e r a l  " i n i t i a l "  overshoot .
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Although th e  i p s i l a t e r a l  " f i n a l "  overshoot  i s  g r e a t e r  than the 
c o n t r a l a t e r a l  " f i n a l "  overshoot  the r a t i o  does not  appear to  be 
c o n s t a n t .
The r e s u l t s  o f  the AOV (Appendix A, Table 7) revea l  t h a t  the  
o v e ra l l  e f f e c t  of  temporal delay was s i g n i f i c a n t  ( P <  0.05)  with an F 
r a t i o  of  10.87.  S t a t i s t i c a l  s i g n i f i c a n c e  ( P <  0 .05 )  was a l so  obta ined  
f o r  th e  temporal delay-by-masking condi t ion  i n t e r a c t i o n  with an F r a t i o  
o f  6 .0 4 .  The DNMRT comparing ove ra l l  c o n t r a l a t e r a l  masking means a t  
each o f  t h e  th ree  d e l a y s ,  r evea led  s i g n i f i c a n t  d i f f e r e n c e s  ( P <  0.05)  
only between the " i n i t i a l "  p o s i t i o n  and the  o th e r  two delay p o s i t i o n s .  
The "medial"  and " f i n a l "  p o s i t i o n s  did no t  y i e l d  s i g n i f i c a n t l y  
d i f f e r e n t  magnitudes o f  masking. The only o th e r  temporal  delay i n t e r ­
a c t io n  which was s i g n i f i c a n t  {? K  0 .05) was ob ta ined  f o r  the temporal 
d e lay -by- f requency  i n t e r a c t i o n  with  an F value o f  2.36.
Although the  temporal delay-by-masking cond i t ion -by- f requency  
i n t e r a c t i o n  was not  s i g n i f i c a n t ,  a DNMRT was used to  compare the 
c o n t r a l a t e r a l  masking means f o r  the th re e  temporal  delays a t  each 
t e s t  f requency .  Resu l t s  o f  t h i s  s t a t i s t i c a l  t e s t  are p resen ted  in 
Table 12 o f  Appendix A.
At no frequency was a s i g n i f i c a n t  d i f f e r e n c e  found between 
the  "medial"  and " f i n a l "  p o s i t i o n  means ( P > 0 . 0 5 ) .  The " i n i t i a l "  
p o s i t i o n  d i f f e r e d  from the "medial" p o s i t i o n  a t  a l l  f requencies  
excep t  500 and 1500 Hz. The " i n i t i a l "  p o s i t i o n  and the " f i n a l "  p o s i t i o n  
y i e l d e d  s i g n i f i c a n t l y  d i f f e r e n t  r e s u l t s  a t  only 950,  1000, 1050, 1100 
and 1200 Hz ( P <  0 . 0 5 ) .
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Individual  Sub jec t  Data.  Appendices B through E con ta in  
t a b u la t i o n s  (Tables 13, 14,  15 and 16) of  ind iv idual  s u b j e c t  d a t a  and 
graph ic  i l l u s t r a t i o n s  o f  the  in d iv id u a l  masking p a t t e r n s .  Overa l l  
i p s i l a t e r a l  and c o n t r a l a t e r a l  masking p a t te rn s  f o r  each s u b j e c t  are 
p re sen te d  in Figures 10, 12, 14 and 16. I p s i l a t e r a l  and c o n t r a l a t e r a l  
masking curves for  each o f  the t h r e e  temporal delays are p r e s e n te d  
f o r  each s u b je c t  in  Figures  11, 13, 15 and 17.
The overa l l  c o n s i s te n cy  f o r  the c o n t r a l a t e r a l  masking p a t t e r n s  
(Figures  10,  12, 14 and 16) was only f a i r  among the fo u r  s u b j e c t s .  Only 
f o r  Sub jec t  #1 did maximum masking occur a t  the frequency of  th e  masker. 
For the o th e r  th ree  s u b j e c t s ,  maximum masking occurred  a t  some o th e r  
f requency w i th in  200 Hz o f  the  masker.
The e f f e c t  o f  the  temporal delay pos i t ions  as i l l u s t r a t e d  
f o r  each s u b je c t  in  Figures 11, 13, 15 and 17, shows t h a t  maximum on­
s e t  overshoot  for  S ub jec t  #1 occurred  near  the frequency of  t h e  masker,  
whereas f o r  Subject  #2 and #4 s u b s t a n t i a l  onset  overshoot  occurred  
a t  n e a r ly  every  t e s t  frequency.  In c o n t r a s t  to  the o t h e r  t h r e e  s u b j e c t s ,  
S ub jec t  #3 showed g e n e ra l ly  more overshoot near  the o f f s e t  o f  the mask­
e r  than n e a r  i t s  o n s e t .  Very l i t t l e  onse t  overshoot occurred  a t  any 
t e s t  frequency fo r  t h i s  s u b j e c t .
In Figures 10,  11 ( f o r  Subjec t  #1) and 14 ( f o r  S ub jec t  #3) 
a "W-shaped" p a t t e rn  o f  c o n t r a l a t e r a l  masking i s  observed.  This  p a t t e r n  
has a l s o  been obtained by K linke ,  Boerger and Gruber ( % )  who measured 
the  a c t i v i t y  in  neurons o f  the  coch lea r  nucleus of  a c a t  dur ing  
c o n t r a l a t e r a l  s t im u la t i o n .  They a t t r i b u t e d  t h i s  p a t t e r n  to  t h e  e f f e c t s  
o f  neura l  i n h i b i t i o n  and sugges t  t h a t  t h i s  may r e s u l t  from th e
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f u n c t io n in g  o f  the crossed  e f f e r e n t  f i b e r s  which emanate from the 
o l i v o c o c h le a r  bundle.
Discussion
The f ind ings  o f  the p re s e n t  i n v e s t i g a t i o n  in d i c a t e  t h a t  both 
i p s i l a t e r a l  and c o n t r a l a t e r a l  pure - tone  masking change over time.  The 
remainder of t h i s  chap te r  w i l l  be devoted t o  a d iscuss ion  of  overshoot  
( the  in c re a s e d  masking which occurs during the t r a n s i e n t  onse t  and 
o f f s e t  per iods  of  a masker) in i p s i l a t e r a l  and c o n t r a l a t e r a l  masking, 
and a l s o  to  a review of  neurophys io logica l  f ind ings  which demonstrate 
t r a n s i e n t  onse t  and o f f s e t  a c t i v i t y  in the aud i to ry  system.
I p s i l a t e r a l  Masking
Overshoot was obta ined nea r  the o n s e t  and o f f s e t  o f  an 
i p s i l a t e r a l  pu re - tone  masker. This suppor ts  the  f ind ings  of  Samoilova 
(41) who descr ibed  onse t  overshoot  f o r  an i p s i l a t e r a l  pure- tone  masker, 
and E l l i o t t  (23) who repor ted both onse t  and o f f s e t  overshoot  f o r  an 
i p s i l a t e r a l  narrow-band noise masker. The p r e s e n t  f i n d i n g s ,  t h e r e f o r e ,  
a re  in  c o n f l i c t  with Zwicker's (65 ) hypothesi s  t h a t  no overshoot  i s  to  
be expec ted  when the masker and maskee have s i m i l a r  frequency s p e c t r a .
The only experiment in which i p s i l a t e r a l  pure- tone  masking over 
time was measured in a manner s i m i l a r  t o  t h a t  used in  t h i s  s tudy was 
conducted by Samoilova ( ^ ) .  He repor ted  a g r e a t e r  change in masking 
a t  1380 Hz f o r  a 1000-Hz masker (12 dB) than was obta ined between the 
" i n i t i a l "  and "medial" p o s i t i o n s  fo r  any frequency (a maximum of 6.69 
dB a t  1050 Hz) in the  presen t  i n v e s t i g a t i o n .  This discrepancy may be 
accounted f o r  by the d i f f e re n ce  in  masker l e v e l s  employed in the two
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s t u d i e s .  In the  p r e s e n t  i n v e s t i g a t i o n  a 50-dB SPL masker was used,  
whereas Samoilova p resen ted  h i s  masker a t  90-dB SL.
I p s i l a t e r a l  masking overshoot  (Table 5) occurs a t  a l l  nine 
t e s t  f requenc ies  in both the  " i n i t i a l "  and " f i n a l "  p o s i t i o n s .  The 
overshoot  nea r  the  onse t  o f  the  masker was cons ide rab ly  g r e a t e r  than 
overshoot  nea r  the  o f f s e t .  I t  appears t h a t  the  magnitude o f  the  onse t  
overshoot  i s  b e t t e r  r e l a t e d  t o  the amount of  th r e s h o ld  s h i f t  measured 
in the " i n i t i a l "  p e t i t i o n  than to  the  frequency d i f f e r e n c e  between the 
masker and maskee. This f i n d i n g  was no t  r e p o r te d  by E l l i o t t  (23) 
who used narre . '  no ise  bands as maskers. She s t a t e d  t h a t  the  g r e a t e s t  
overshoot  appeared nea r  the  c u t - o f f  f requencies  o f  the no ise  bands and 
no t  w i th in  the  band i t s e l f .  On th e  o th e r  hand,  i t  was n o t  p o s s ib le  to  
determine whether  the magnitude o f  o f f s e t  overshoot  was b e s t  r e l a t e d  
to  e i t h e r  the  '.mount o f  th e sh o ld  s h i f t  or  to  the  d i f f e r e n c e  in  frequency 
between maskee and masker.
Several  i n v e s t i g a t o r s  have di scussed  the  p h y s io lo g i c a l  bases 
underly ing  the  phenomenon o f  temporal masking changes. Scholl  (42) 
has sugges ted  t h a t  masking overshoot  i s  a r e s u l t  o f  the r educ t ion  in  
the p a t t e r n  o f  e x c i t a t i o n  over  t ime.  This in  t u r n ,  has been a t t r i b u t e d  
t o  a neura l  i n h i b i t o r y  mechanism. Zwicker (M )  sugges ted  t h a t  "normal 
overshoot" i s  due t o  a mechanical f i l t e r i n g  p r o c e s s ,  but  he does n o t  
r u l e  ou t  the  p o s s i b i l i t y  o f  l a t e r a l  i n h i b i t i o n .  E l l i o t t  ( ^ )  repor ted  
t h a t  h e r  f in d in g s  suppor t  the  hypothes i s  of  S c h o l l ,  t h a t  the  e x c i t a t i o n  
p a t t e r n  i s  w id e s t  a t  masker onse t  and requ i re s  a b r i e f  time f o r  
"organiz ing"  or  ' sha rpen ing"  t o  a more narrow band. She has demonstrated 
t h a t  overshoor f o r  a narrow-band no ise  i s  g r e a t e s t  a t  the i n t e r f a c e  of  
e x c i t a t i o n  and r«onexci ta t ion .  E l l i o t t  does n o t  specu la te  however, on
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the p h y s io lo g ica l  s t r u c t u r e s  which may be involved in onse t  overshoot ,  
al though h e r  f ind ings  cou ld  be exp la in ed  by l a t e r a l  i n h i b i t i o n ,  a 
process which has been desc r ibe d  by Bekesy ( ^ ) .
I t  i s  sugges ted  by the a u t h o r  t h a t  the aud i to ry  system 
may fu n c t io n  in a s l i g h t l y  d i f f e r e n t  manner f o r  a pu re - tone  signal than 
fo r  sounds composed of  numerous f r equenc ie s  (no ise bands) .  F o ra  
pure tone  th e  p a t t e r n  o f  e x c i t a t i o n  in the aud i to ry  system i s  r e l a t i v e l y  
s p e c i f i c .  This s p e c i f i c i t y  r e s u l t s  from the  in h e re n t  c h a r a c t e r i s t i c s  of  
the b a s i l a r  membrane, th e  p a t t e r n  o f  h a i r  c e l l  arrangement,  and th e  
in te r c o n n e c t io n s  o f  the  nerve f i b e r s  i n  the organ of  C o r t i .  Because 
o f  t h i s  r e l a t i v e l y  s p e c i f i c  p a t t e r n  produced by a pu re - tone  s t im ulus ,  
the need f o r  f u r t h e r  " tun ing"  o r  r e s t r i c t i o n  o f  the p a t t e r n  i s  reduced.  
For a n o is e  band s i g n a l ,  however,  the  a u d i to r y  system i s  s t im ula ted  
over a l a r g e r  a r ea .  T h e re fo re ,  the p a t t e r n  o f  e x c i t a t i o n  may be 
reduced o r  s i m p l i f i e d  w i th o u t  l o s in g  p e r t i n e n t  in fo rm at ion .  This 
r e s u l t s  in  a narrowing o f  th e  e x c i t a t i o n  p a t t e r n  o f  a no ise  band 
during th e  i n i t i a l  few mil lseconds  of  s t im u l a t i o n .  Scholl  ( ^ ) ,
Zwicker (65^) and E l l i o t t  ( ^ )  have demonstrated th i s  reduct ion  
in the e x c i t a t i o n  p a t t e r n  o f  a no ise  band in t h e i r  psychophysical 
experiments.
O f f se t  overshoot  f o r  a p u re - to n e  masker has not  been repor ted  
by previous  i n v e s t i g a t o r s .  E l l i o t t  ( ^ )  has suggested t h a t  the o f f s e t  
overshoot  which sfie found f o r  a narrow-band masking no ise  i s  a t t r i b u t e d  
to  "backward masking" produced by the  neural  o f f s e t  a t  the te rminat ion 
of  the masker. In the p r e s e n t  i n v e s t i g a t i o n ,  backward masking is  a 
tenable  exp lan a t io n  f o r  pu re - tone  o f f s e t  overshoot .
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C o n t r a l a t e r a l  Masking 
Overshoot  f o r  the  c o n t r a l a t e r a l  masking cond i t ion  occurred 
c o n s i s t e n t l y  only n ea r  the  o n s e t  o f  the pure- tone masker. An in d i c a t i o n  
o f  overshoot  a t  masker t e rm in a t io n  was observed a t  some f requenc ies  
al though s t a t i s t i c a l l y  s i g n i f i c a n t  d i f fe rences  were n o t  ob ta ined  a t  
any frequency between the  "medial"  and " f in a l "  delay p o s i t i o n s .  The 
magnitude o f  c o n t r a l a t e r a l  overshoot  a t  each frequency i s  p resen ted  in 
Table 5 ,  page 61.
The occurrence o f  c o n t r a l a t e r a l  pure- tone masking change over 
time n e a r  the  onse t  o f  the  masker suppor ts  the f ind ings  o f  Zwislocki 
and h i s  co-workers (6 8 , 69 ) .  However, overshoot in  the  p r e s e n t  s tudy  
was c o n s id e ra b ly  l e s s  than  they  repor ted  fo r  t h e i r  i n d iv id u a l  s u b je c t  
da ta .  Averaging the  maximum amount of  overshoot r e p o r te d  f o r  t h e i r  
th ree  s u b j e c t s  r e s u l t e d  in  a mean value of  8 dB f o r  f requenc ies  a t  o r  
near  the  1000-Hz masker. Onset overshoot  in the p r e s e n t  i n v e s t i g a t io n  
was a t  i t s  maximum (3.59 dB) a t  950 Hz when averaged across  the fou r  
s u b j e c t s .  This d i f f e r e n c e  in  the  magnitude o f  onset  overshoot  may be 
a t t r i b u t e d  t o  s ev e ra l  f a c t o r s .
F i r s t ,  as r e p o r t e d  p rev ious ly  in t h i s  c h a p te r ,  the four  
s u b je c t s  used in  t h i s  s tudy  were s o p h i s t i c a t e d  a t  per forming aud i to ry  
judgements in  psychophys ica l  experiments.  These s u b je c t s  were a l so  
th roughly  p r a c t i c e d  a t  the  masking ta sk .  Optimum performance r e s u l t ­
ing  in  low c o n t r a l a t e r a l  masking thesholds  as well as reduced overshoot  
could be a t t r i b u t e d ,  t h e r e f o r e ,  t o  the combination o f  s o p h i s t i c a t i o n  and 
t r a i n i n g  o f  the  s u b j e c t s .
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Second,  c o n t r a l a t e r a l  masking may e x h ib i t  a slow adap ta t ion  
(68,  69 ) over a per iod  o f  severa l  minutes.  This i s  observed as a 
reduc t ion  in  the  amount o f  c o n t r a l a t e r a l  pure-tone masking a t  
f requenc ies  ad jacen t  to  the masker dur ing  the t e s t i n g  procedure.  Thus,  
the  masking p a t t e r n  may become f l a t t e n e d  during a prolonged th re s h o ld  
measurement process .  In the p r e s e n t  s tudy ,  each th re sho ld  requ ired  
numerous p r e s e n ta t io n s  o f  the masker and maskee in the c l a s s i c a l  method 
o f  l i m i t s .  I t  i s  p o s s ib le  t h a t  s low adapta t ion  may have occur red ,  o r  may 
have been in  the  process of  o ccu r r ing  throughout the measurement p e r io d .  
This could have accounted for  the  reduced overshoot  and the s m a l le r  
degree of  c e n t r a l  masking obta ined  i n  the  p resen t  s tudy when compared to  
the  f ind ings  o f  Zwis locki ,  et  (68).
Th i rd ,  the maskee envelope must be r e s t r i c t e d  to  a b r i e f  
du ra t ion  in o rde r  to  sample the masking p a t t e r n  as e a r l y  as p o s s ib le  
dur ing the course o f  the  masker ( ^ ,  66^). Zwislocki and h is  co-workers 
(6 8 , 69 ) u t i l i z e d  a maskee which was approximately 4 msec s h o r t e r  than 
the  one employed in the presen t  s t u d y .  Furthermore,  they did not  employ 
any delay between masker and maskee onsets  in t h e i r  i n i t i a l  p o s i t i o n  
whereas in  the  p re s e n t  s tudy ,  a 3 msec delay was used. Since the 
t r a n s i e n t  overshoot  decreases very  r a p id ly  a f t e r  the onse t  o f  the masker,  
Zwis locki ,  e t  were able  to  sample masking n ea re r  the masker onse t  
than was p o s s i b l e  in the presen t  i n v e s t i g a t i o n .  By sampling the 
p a t t e r n  p r e c i s e l y  a t  onse t  with a s  b r i e f  a maskee as p o s s i b l e ,  i t  i s  
a n t i c i p a t e d  t h a t  more overshoot would occur.
The cause o f  c o n t r a l a t e r a l  masking overshoot has n o t  been 
a s c e r t a in e d .  Zwis locki ,  Buining and Glantz (6^) have demonstrated a
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masking p a t t e rn  with s ev e ra l  maxima and minima surrounding the frequency 
o f  the masker. They have i n t e r p r e t e d  th i s  as being i n d i c a t i v e  o f  
e x c i t a t o r y - i n h i b i t o r y  i n t e r a c t i o n s  in the aud i to ry  nervous system.
In the  p resen t  i n v e s t i g a t i o n ,  s i m i l a r  maxima and minima occurred in 
the masking p a t t e r n .  I f  c e n t r a l  e x c i t a t o r y  and in h i b i to r y  i n t e r a c t io n s  
are r e l a t e d  t o  overshoo t ,  the f ind ings  of the presen t  s tudy demonstrate 
t h a t  the e f f e c t  i s  twice  as g r e a t  f o r  i p s i l a t e r a l  as f o r  c o n t r a l a t e r a l  
masking.
C o n t r a l a t e r a l  o f f s e t  overshoot ,  al though no t  c o n s i s t e n t ly  
p r e s e n t  in t h i s  exper iment ,  may e x i s t  a t  l e a s t  a t  f requencies  below 
the masker. I t s  occurrence  could be a r e s u l t  of backward masking as 
sugges ted  by E l l i o t t  (23) f o r  the  i p s i l a t e r a l  masking cond i t ion .
Review o f  Physio logica l  Studies 
The measurement o f  an overshoot  in  psychophysical  s tu d ie s  
prompts a review of  p h y s io lo g ica l  experiments fo r  poss ib le  analogous 
r e s u l t s .  Galambos ( ^ )  has r epo r te d  t h a t  neural  onset  responses of  
s h o r t  la tency  have been recorded (1^ ) a t  a l l  l e v e l s  in  the aud i to ry  
pathway. At the medial gen icu la te  body the onset  response appears 
e s s e n t i a l l y  the same f o r  a c l i c k  as i t  does f o r  the onset  o f  a tone ( ^ ) .
The ac tua l  func t ion  o f  a neural  onset  i s  unknown. However, 
i t s  occurrence a t  the  i n i t i a t i o n  o f  a s t imulus  has lead Galambos (26) 
t o  sugges t :
. . . t h a t  the a rousal  o f  a r e l a t i v e l y  non­
s p e c i f i c  neura l  response  may be the  f i r s t  consequence 
o f  tonal  s t i m u l a t i o n ,  and t h a t  the d i s t i n c t i v e  neural  
events  r e q u i r e d  t o  d i f f e n t i a t e  tones  from any o the r  
type o f  sound emerge on ly  a f t e r  a time i n t e r v a l  to  be 
measured in  tens  of  mi l l i seconds  has elapsed .
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S t a r r  and L iv ings ton  ( ^ )  have demonstrated in  a n e s th e t i z e d  
ca t s  an inc reased  neura l  o nse t  a c t i v i t y  which occurs a t  the co c h le a r  
nuc leus ,  s u p e r i o r  o l i v e ,  i n f e r i o r  c o l l i  cuius and medial g en i c u la t e  
body. O ffse t  responses f o r  the  same group of  animals i l l u s t r a t e d  
a c t i v i t y  a t  a l l  o f  the same anatomical  lo c a t io n s  except  the i n f e r i o r  
c o l l i c u l u s .  For a consc ious  group o f  c a t s ,  onset  responses were 
observed only a t  the  medial g en ic u la t e  body whereas a s i g n i f i c a n t  
o f f s e t  response was found a t  the c o ch lea r  nuc leus ,  s u p e r io r  o l i v e ,  
i n f e r i o r  c o l l i c u l u s ,  medial g en ic u la t e  body and the au d i to ry  c o r t e x .
Neural on- and o f f - e f f e c t s  have been recorded in the 
coch lea r  microphonics o f  a c a t  (15^, 50^). Stevens and Davis ( 50) 
r e p o r t  t h a t  t h i s  e l e c t r i c a l  a c t i v i t y  i s  complicated and t h a t  i t  occurs  
immediately a f t e r  both o n s e t  and o f f s e t  of  a sound.  The a c t i v i t y  very 
c lo se ly  resembles t h a t  which r e s u l t s  from a s i n g le  i s o l a t e d  c l i c k ,  
however, i t  can occur  even when no physical  t r a n s i e n t s  are a s s o c i a t e d  
with the s igna l  p roduc t ion .
Stevens and Davis (5^) a l s o  r e p o r t  f o r  a given s igna l  
i n t e n s i t y ,  t h a t  the o f f - e f f e c t  i s  u su a l ly  l e s s  prominent than the  on- 
e f f e c t .  However, both are  s i m i l a r  in  t h a t  they both c o n s i s t  o f  
s i m i l a r  waves and d ec l ine  a t  approximate ly the same r a t e .  This on- 
e f f e c t  i s  i n t e r p r e t e d  as be ing a "wide-spect ru ;  s t imulus which i s  
qu ick ly  damped ou t  le av ing  only the  co c h le a r  microphonie.
The measurement o f  an " o n - t r a n s i e n t "  and " a f t e r - p o t e n t i a l "  
have a l so  been recorded  as a p a r t  o f  the  summating p o t e n t i a l  (51^, 57).  
These t r a n s i e n t  e f f e c t s  were found to  be r e l a t e d  to  the  r i s e  and 
decay times of  the  s i g n a l .  They were most ev id e n t  fo r  abrupt  r i s e  and
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decay t imes and were a lmos t  completely absent  when the r i s e - t i m e  was 
50 msec. Stopp { 51)  r e p o r t s  t h a t  t h i s  a f t e r - p o t e n t i a l  i s  s i m i l a r  to  
t h a t  observed in  neurons ,  and she sugges ts  t h a t  i t  may r e p re s e n t  an 
a f t e r - p o t e n t i a l  o f  the a f f e r e n t  t r a n s m i t t e r  mechanism.
The measurement o f  decreasing  a c t i v i t y  in the e igh th  nerve 
has been termed " e q u i l i b r a t e d "  adap ta t ion  by some (1^) or  r a t e -  
adap ta t ion  and a m pl i tude -adap ta t ion  by o the rs  ( ^ ) .  Galambos and Davis 
(28,  page 42) i l l u s t r a t e  t h i s  adap ta t ion  in a s in g l e  au d i to ry  nerve 
f i b e r .  Although t h i s  f i b e r  r e q u i re d  approximately one minute to  
achieve s t e a d y - s t a t e  f u n c t i o n in g ,  the  g r e a t e s t  reduc t ion  in  a c t i v i t y  
occurred  w i th in  the  f i r s t  100 msec o f  s t im u la t i o n .
Neural onse t  responses  to  aud i to ry  s t im u la t io n  have been 
recorded by many i n v e s t i g a t o r s  a t  the c o r t i c a l  l e v e l .  O f f se t  responses 
have been recorded  a t  the  c o r t i c a l  leve l  by only a few (13,  14, 1£, 40). 
Davis and Z e r l in  (13^) r e p o r t  t h a t  the on- and o f f - e f f e c t s  appear only 
f o r  s ig n a l s  lo n g e r  than 500 msec and t h a t  the on and o f f  p a t t e r n s  are 
very s i m i l a r  to  each o t h e r .  They s t a t e  t h a t  the o f f  response grows in 
ampli tude with  i n c r e a s i n g  dura t ion  o f  the s i g n a l ,  whi le  the  on 
response grows in regard  to  in c re a s in g  i n t e r v a l s  of  q u i e t .
From a b r i e f  review of  the  aud i to ry  neurophys io log ica l  
l i t e r a t u r e ,  onse t  and o f f s e t  a c t i v i t y  have been recorded c o n s i s t e n t l y  
a t  a l l  l e v e l s  in the  a u d i to r y  nervous system. L i t t l e  i s  known about  
the e x ac t  org in  o f  t h i s  a c t i v i t y  o r  about how the  a c t i v i t y  a f f e c t s  the 
normal hea r ing  p ro c e s s .  Although the neurophys io log ica l  and psycho­
physica l  da ta  appear  t o  be somewhat s i m i l a r ,  a d i r e c t  r e l a t i o n s h i p  
between the two has no t  been demonstrated.
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Summary
Change in masking e f f i c i e n c y  over time has been demonstrated 
f o r  both i p s i l a t e r a l  and c o n t r a l a t e r a l  pure -tone  maskers. This 
change or  overshoot  occurs a t  masker onset  f o r  both masking condi t ions  
and a t  masker o f f s e t  f o r  only t h e  i p s i l a t e r a l  masker. The e x p e r i ­
ments of  s ev e ra l  i n v e s t i g a t o r s  l e a d  them to  sugges t  t h a t  masking over­
sh o o t  may r e s u l t  from e i t h e r  mechanical  changes o r  neuro log ica l  
i n h i b i t o r y  p rocesses  in  the  a u d i t o r y  system. E lec t rophys io log ica l  
s tu d i e s  have demonst rated  t h a t  on and o f f  responses occur a t  various 
l e v e l s  in the  a u d i to ry  system in  response to  both the p re s en ta t io n  
and the t e rm in a t io n  o f  a s t im u lu s .  Whether o r  not  t h i s  neuro logica l  
a c t i v i t y  i s  r e l a t e d  t o  the psychophys ical  measurement o f  overshoot  
awai ts  f u r t h e r  i n v e s t i g a t i o n .
CHAPTER V
SUMMARY
Introduct ion
The l i t e r a t u r e  on masking contains c o n f l i c t i n g  rep o r t s  on 
whether  the magnitude o f  masking changes over  t ime.  When such a change 
i s  measured,  i t  appears to  be due to  a masking i n c re a s e  or  "overshoot" 
ne a r  the  onse t  and sometimes near  the te rm ina t ion  o f  a masker. Recent 
s t u d i e s  have shown t h a t  overshoot  does occur with c e r t a i n  masking and 
t e s t  s i g n a l s .
Zwicker (6 5 ) has suggested t h a t  f o r  maskers and maskees with 
s i m i l a r  f requency  s p e c t r a ,  no masking overshoot  w i l l  be ob ta ined .  For 
maskers and maskees with d i f f e r e n t  frequency s p e c t r a ,  s i g n i f i c a n t  over­
shoot  w i l l  be observed .  His hypothesis  appears t o  r eco n c i le  the 
d i f f e r e n c e s  between the f ind ings  of  many masking exper iments .  However, 
Samoilova (14) and Zwis locki ,  e t  (68, 69^ ) who i n v e s t i g a t e d  masking 
by us ing s i g n a l s  with  s i m i l a r  frequency s p e c t r a  (pure tones)  have 
r ep o r te d  s i g n i f i c a n t  overshoot .
The p r e s e n t  s tu d y ,  using only pure - tone  s i g n a l s ,  was designed 
to  re so lv e  the  above c o n f l i c t .  The primary goal o f  the experiment was 
to  i n v e s t i g a t e  temporal changes in the masking of  a pure -tone  s igna l  
and how the  changes r e l a t e  t o  spread of  the masking p a t t e r n .  A secondary
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aim was to  compare masking e f f i c i e n c y  and the  masking pa t te rn  fo r  
i p s i l a t e r a l  and c o n t r a l a t e r a l  maskers.
The masker used in t h i s  s tudy was always a 1000-Hz tone of 
1000-msec d u ra t i o n  d e l iv e r e d  a t  50-dB SPL. I t  was p resen ted  e i t h e r  
i p s i l a t e r a l  o r  c o n t r a l a t e r a l  to  the  t e s t  s i g n a l .  The nine t e s t  
f r equenc ies  (500,  800, 900,  950, 1000, 1050, 1100, 1200 and 1500 Hz) 
each had a du ra t ion  of  5 msec a t  maximum am pl i tude ,  and they were 
p resen ted  a t  each of  t h r e e  delays with r e s p ec t  to  the masker onse t .
The 3-msec delay was termed the " i n i t i a l "  delay  p o s i t i o n  and sampled 
t:;.j masking p a t t e r n  nea r  the onset  of  the masker. In the "medial" 
delay p o s i t i o n  the maskee was presen ted 497 msec a f t e r  the masker onset  
and measured th e  masking pa t te rn  a t  the middle o f  the masker which is  
e s s e n t i a l l y  the  same as s t e a d y - s t a t e  masking. The " f in a l "  delay 
p o s i t i o n  r eq u i r e d  the  maskee to  te rm inate  3 msec p r i o r  to the masker 
o f f s e t .  Rise and decay times were s e t  fo r  a l l  s i g n a l s  a t  10 msec to 
p rec lude  the  production  o f  t r a n s i e n t  energy from the  earphones.  An 
i l l u s t r a t i o n  o f  the t h r e e  temporal delays i s  found in Figure 3 ,  page 36.
Results 
I p s i l a t e r a l  Masking 
The pure - tone  i p s i l a t e r a l  masking p a t t e r n  obta ined  in  the 
p r e s e n t  i n v e s t i g a t i o n  was in good agreement with the  r e s u l t s  t h a t  have 
been presen ted  by o th e r  i n v e s t i g a t o r s  using only pu re - tone  s i g n a l s .
The p a t t e r n  showed more masking a t  f requencies  n e a r  t h e  masker than a t  
f requenc ies  f a r t h e r  removed from the  masker. The p a t t e r n  was e s s e n t i a l l y  
symmetr ica l ;  howe/er ,  f o r  frequencies  near  the masker,  more masking
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occurred j u s t  below the masker (900 and 950 Hz) than above the masker 
(1050 and 1100 Hz). For f requenc ies  f a r t h e r  removed from the masker,  
more masking occurred  above the  masker (1200 and 1500 Hz) than below 
the masker (500 and 800 Hz).
The masking p a t t e r n  f o r  the l e f t  e a r  was compared to the 
p a t t e r n  f o r  th e  r i g h t  e a r .  No s i g n i f i c a n t  d i f f e r e n c e  was found a t  any 
frequency excep t  a t  1100 Hz were the l e f t  e a r  demonstrated more masking 
than the r i g h t  e a r .  I t  i s  l i k e l y  t h a t  th e  s i g n i f i c a n t  f ind ing  a t  t h i s  
i s o l a t e d  frequency i s  due t o  chance.
Dif ferences  in  the  amount o f  masking measured a t  the th ree  
temporal p o s i t i o n s  were a l s o  compared. The " i n i t i a l "  p o s i t i o n  showed 
c o n s i s t e n t l y  more masking than the  "medial"  o r  " f i n a l "  p o s i t i o n s .  The 
" f i n a l "  p o s i t i o n  showed more masking than the "medial" p o s i t i o n .  
Differences in  dB between the " i n i t i a l "  and "medial" and between the 
" f i n a l "  and "medial" delay p o s i t i o n s  were computed to  determine the 
amount o f  overshoot  nea r  the  onse t  and o f f s e t  of  the masker.
Overshoot nea r  the onse t  o f  the  masker was g r e a t e r  than 
overshoot  nea r  the o f f s e t .  Onset overshoot  appeared to  r e l a t e  b e t t e r  
to  the  " i n i t i a l "  t h re s h o ld  s h i f t  than to  the  d i f f e r e n c e  in  frequency 
between the masker and maskee. I t  was n o t  p o s s ib le  to  determine which 
f a c t o r  c o r r e l a t e d  b e t t e r  with o f f s e t  overshoot .
C o n t r a la t e r a l  Masking 
The magnitude o f  c o n t r a l a t e r a l  pu re - tone  masking was found 
to be small (ranging  from 0.89  dB to  2 .18  dB) and the p a t t e r n  was 
r e l a t i v e l y  f l a t .  There was only a s l i g h t  i n d i c a t i o n  t h a t  masking
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inc reased  f o r  f r e q u e n c i e s  n e a r  the  frequency of  the masker. The magni­
tude o f  c o n t r a l a t e r a l  masking measured in  the p r e s e n t  s t u d y ,  was 
gene ra l ly  l e s s  than  t h a t  r e p o r t e d  by previous i n v e s t i g a t o r s .
The e f f e c t  o f  ea rs  upon the masking p a t t e r n  was a l s o  e v a lu a te d .  
No s i g n i f i c a n t  d i f f e r e n c e s  due t o  ears  were ob ta ined  a t  any of  the  nine 
t e s t  f r e q u e n c ie s .
Masking was compared among the th ree  temporal de lay  p o s i t i o n s  
f o r  the c o n t r a l a t e r a l  masker.  More masking was observed a t  the " i n i t i a l "  
p o s i t io n  than a t  e i t h e r  of  th e  o th e r  two delay p o s i t i o n s .  Although the 
data  appeared t o  show a s l i g h t  in c re ase  i n  masking a t  some f r equenc ie s  
f o r  the " f i n a l "  p o s i t i o n  when compared to  the "medial" p o s i t i o n ,  no 
s i g n i f i c a n t  d i f f e r e n c e s  were ob ta ined  when these  comparisons were made. 
There fore ,  when overshoot  was computed from the r e s u l t s ,  the  only  
s u b s t a n t i a l  amount of  overshoot  appeared near  the o nse t  of  the masker. 
This onse t  overshoo t  appeared  t o  inc re ase  as the maskee approached the 
frequency o f  th e  masker,  bu t  i t  was more c lo se ly  r e l a t e d  t o  the  magni­
tude of  the  " i n i t i a l "  th r e s h o l d  s h i f t .
Conclusions
This experiment has shown t h a t  masking does change over  time 
f o r  a pu re - tone  i p s i l a t e r a l  o r  c o n t r a l a t e r a l  masker. S i g n i f i c a n t  onse t  
overshoot  occur red  f o r  both t h e  i p s i l a t e r a l  and c o n t r a l a t e r a l  masking 
c o n d i t io n s ,  while  only fo r  t h e  i p s i l a t e r a l  masker was s i g n i f i c a n t  o f f ­
s e t  overshoot  o b ta in e d .
Changes in i p s i l a t e r a l  masking over time f o r  a pure tone 
suppor t  the  f in d in g s  o f  Samoilova ( ^ ) ,  whi le  s i m i l a r  changes in
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c o n t r a l a t e r a l  p u re - to n e  masking s u p p o r t  the  r e s u l t s  o f  Zwislocki ,  e t  a l .  
(6 8 , 69) .  The f in d i n g s  o f  t h e  p r e s e n t  s tu d y ,  however, are in  c o n f l i c t  
with Zw icker 's  (65^) h y p o th e s i s .  Zwicker has sugges ted  t h a t  when masker 
and maskee have s i m i l a r  frequency s p e c t r a ,  s i g n i f i c a n t  overshoot  w i l l  
no t  be ob ta ined .  In the  p r e s e n t  i n v e s t i g a t i o n ,  only s ig n a l s  with 
s i m i l a r  frequency s p e c t r a  (pure tones)  have been employed f o r  the masker 
and maskee, and overshoo t  was measured.  Zwicker 's  h y p o th e s i s ,  t h e r e f o r e ,  
does n o t  appear  t o  ho ld  f o r  p u re - to n e  s i g n a l s .
Neural i n h i b i t o r y  p rocesses  and a mechanical f i l t e r i n g  
mechanism have been sugges ted  as p o s s i b l e  causes f o r  onse t  overshoot .  
Backward masking has been sugges ted  as a cause o f  o f f s e t  overshoot .  
E l e c t ro p h y s io l o g i c a l  s t u d i e s  have demonstrated the  presence o f  onset  
and o f f s e t  a c t i v i t y  w i th in  the  au d i to ry  system. This neuro logica l  
a c t i v i t y  may be r e l a t e d  t o  th e  psychophysica l  measurement o f  overshoot .
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Appendix A 
R esu lts  o f  S t a t i s t i c a l  Analyses
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TABLE 7
SUMMARY OF THE ANALYSIS OF VARIANCE
Source d f
Sum of 
Squares
Mean
Square F
Between Sub jec ts  
Within S ub jec ts
3 640.17 213.39
Ears (A) 1 40.15 40.15 N.S.
S u b jec t  (E) X Ears 3 450.30 150.10
Masking Condition (B) 1 24,940.00 24,940.00 126.33^
S u b jec t  X Masking Condition 3 592.22 197.40
Temporal Delay (C) 2 1 ,092.72 546 . 36 10.86^
S u b jec t  X Temporal Delay 6 301.63 50.27
Frequency (D) 8 11,822.97 1,477.87 65.54*
S ub jec t X Frequency 24 541.12 22.54
Ears X Masking Condition 1 26.90 26.90 N.S.
S u b jec t  X A X B 3 128.18 42.72
Ears X Temporal Delay 2 0.96 0.48 N.S.
S u b jec t  X A X C 6 23.37 3.89
Ears X Frequency 8 89.47 11.18 N.S.
S u b jec t  X A X D 24 270.37 11.26
Masking Condition  x Temporal Delay 2 116.68 58.34 6 . 04b
S u b jec t  X B X C 6 57.94 9.65
Masking Condition x Frequency 8 10,406.76 1,300.84 67.78*
S u b jec t  X B X D 24 460.56 19.19
Temporal Delay x Frequency 16 129.80 8.11 2.36^
S u b jec t  X C X D 48 164.43 3.42
A X B X C 2 9.84 4.92 N.S.
E X A X B X C 6 38.77 6.46
96
TABLE 7 Continued
A X B X D 8 56.25 7.03 N.S.
E X A X B X D 24 237.25 9.88
A X C X D 16 21.98 1.37 N.S.
E X A X C X D 48 82.25 1.71
B X C X D 16 31.42 1.96 N.S.
E X B X C X D 48 150.75 3.14
A X B X C X D 16 18.51 1.15 N.S.
E X A X B X C X D 48 124.82 2.60
f  S ig n i f i c a n t  a t  the  .005 le v e l  of confidence 
S ig n i f i c a n t  a t  the  .05 le v e l  o f  confidence
TABLE 8
RESULTS OF THE DNMRT IN THE COMPARISON OF THE NINE 
MASKEE FREQUENCIES FOR BOTH THE IPSILATERAL AND 
CONTRALATERAL MASKING CONDITIONS
Masking
Condition  Ranked Frequency (Hz) means (coded) f o r  th e  masking c o n d i t io n s
(950) (1000) (1050) (900) (1100) (1200) (800) (1500) (500) iS
I p s i l a t e r a l  38.67 37.66 36.45 33.38 30.82 21.26 20.01 13.09 11.04
(900) (1200) (1000) (1100)
11.96 11.89 11.86 11.70
(1050) (950) 5     (1500) (800) (500)
C o n t r a la te r a l  12.18 12.09     11.37 11.29 10.89
TABLE 9
RESULTS OF THE DNMRT IN THE COMPARISON FOR THE NINE FREQUENCIES 
FOR THE INITIAL, MEDIAL AND FINAL TEMPORAL DELAYS
FOR THE IPSILATERAL MASKING CONDITION
Temporal
Delay Ranked frequency (Hz) means (coded) f o r  each temporal de lay
(950) (1000) (1050) (900) (1100) (1200) (800) (1500) (500)
I n i t i a l 42.46 41.49 40.15 36.54 34.21 24.17 22.40 15.04 11.71
(950) (1000) (1050) (900) (1100) (1200) (800) (1500) (500)
Medial 35.81 35.36 33.46 30.63 28.34 19.04 17.96 11.64 10.90
(950) (1000) (1050) (900) (1100) (1200) (800) (1500) (500)
Fi nal 37.75 36.13 35.75 32.96 29.91 20.58 19.67 12.58 10.52
to
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TABLE 10
RESULTS OF THE DNMRT IN THE COMPARISON OF THE THREE 
TEMPORAL DELAYS FOR EACH OF THE NINE TEST FREQUENCIES 
FOR THE IPSILATERAL MASKING CONDITION
Test 
Frequency (Hz)
Ranked Temporal Delay Means 
(Coded) f o r  Each Frequency
( i n i t i a l (medial) ( f in a l  )
500 11.71 10.90 10.52
( i n i t i a l ( f in a l ) (medial )
800 22.40 19.67 17.96
( i n i t i a l ( f in a l ) (m edial)
900 36.54 32.96 30.63
( i n i t i a l ( f in a l ) (medial )
950 42.46 37.75 35.81
( i n i t i a l ( f in a l ) (medi a l )
1000 41.49 36.13 35,36
( i n i t i a l ( f in a l ) (medial)
1050 40.15 35.75 33.46
( i n i t i a l ( f i n a l ) (medi a l )
1100 34.21 29.91 28.34
1200
( i n i t i a l ( f in a l ) (medial )
24.17 20.58 19.04
( i n i t i a l ( f in a l ) (medial)
1500 15.04 12.58 11.64
TABLE 11
RESULTS OF THE DNMRT IN THE COMPARISON FOR THE NINE FREQUENCIES 
FOR THE INITIAL, MEDIAL AND FINAL TEMPORAL DELAYS 
FOR THE CONTRALATERAL MASKING CONDITION
Temporal
Delay Ranked frequency (Hz) means (coded) f o r  each temporal delay
I n i t i a l
(950) (1050) (1000) (1100) (1200) (900) (800) (1500) (500)
14.15 14.10 13.89 13.63 13.54 13.33 12.50 12.46 11.58
Medial
(1100) (1050) (1200) (1500) (1000) (900) (950) (500) (800)
11.50 11.44 10.98 10.89 10.68 10.63 10.56 10.33 10.25
oo
(900) (950) (1200) (800) (1000) (1050) (1100) (500) (1500)
F ina l 11.92 11.53 11.17 11.13 11.00 11.00 11.96 10.75 10.75
101 
TABLE 12
RESULTS OF THE DNMRT IN THE COMPARISON OF THE THREE 
TEMPORAL DELAYS FOR EACH OF THE NINE TEST FREQUENCIES 
FOR THE CONTRALATERAL MASKING CONDITION
T est 
Frequency (Hz)
Ranked Temporal Delay Means 
(Coded) fo r  Each Frequency
( i n i t i a l ( f i n a l ) (medi al )
500 11.58 10.75 10.33
( i n i t i a l ( f in a l  ) (medi a l )
æ o 12.50 11.13 10.25
( i n i t i a l ( f i n a l ) (medial)
900 13.33 11.92 10.63
( i n i t i a l ( f i n a l ) (medial)
950 14.15 11.56 10.56
( i n i t i a l ( f in a l  ) (medial)
1000 13.89 11.00 10.68
( i n i t i a l (medial) ( f i n a l )
1050 14.10 11.44 11.00
( i n i t i a l ( f i n a l ) (medial)
1100 13.63 10.96 10.50
( i n i t i a l ( f i n a l ) (medial)
1200 13.54 11.17 10.98
( i n i t i a l (medial) ( f i n a l )
1500 12.46 10.89 10.75
Appendix B
Subject #1 Results
TABLE 13
SUBJECT # 1 DATA (CODED) FOR EACH EAR, MASKING 
CONDITION, FREQUENCY AND TEMPORAL DELAY
Masking
Condition Ear
Temporal
Delay 500 800 900
Maskee Frequencies  (Hz) 
950 1000 1050 1100 1200 1500
R
i n i t i a l
medial
f i n a l
12.66
12.00
10.66
16.50
12.50
16.50
29.84
24.34
26 .34
35.17
29.17 
29.50
39.80
28.30
32.63
30.17
25.17 
28 .34
20.00
16.00
17.17
9.66
10.16
10.16
10.00
9.50
11.00
I p s i l a t e r a l
L
i n i t i a l
medial
f i n a l
10.66
10.50
10.16
21.67 
16.50
16.67
33.34
28 .34  
29.50
42.66
36.50
39.16
42.47 
36.14
36.47
38.33
34.00
34.50
37.83
30.16
33.66
20.16
17.33
18.83
11.50 
9 .66
10.50
R
i n i t i a l  
medial 
f i  nal
10.50
10.80
9 .1 7
12.33
12.50
10.83
8 .84
9 .34
13.17
13.17
9.00
10.83
11.50
11.17
10.17
9 .33
11.50
9.00
9 .83
10.66
12.16
10.00
9 .50
11.67
10.17
12.67
9 .67
C o n t r a la te r a l
L
i n i t i a l  
medi al 
f i n a l
10.83
11.17
10.67
12.50
11.50 
11.66
12.00
9 .8 3
11.83
16.50
10.67
11.17
17.30
11.96
12.63
17.66
12.00
11.33
11.16
9.16
10.16
15.16
10.16 
10.66
14.33
10.83
11.67
o
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Figure 10. Ipsilateral and Contralateral m asking  
patterns for S u b je c t  #1.
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Figure 11. Ipsilateral (upper curves) and  
Contralateral ( lower cu rv e s )  masking patterns for 
Initial. Medial and Final posit ions  for S u b jec t  #1.
Appendix C
Subject #2 Results
TABLE 14
SUBJECT # 2 DATA (CODED) FOR EACH EAR, MASKING 
CONDITION, FREQUENCY AND TEMPORAL DELAY
Masking
Condition Ear
Temporal
Delay 500 æ o 900
Maskee Frequencies (Hz) 
950 1000 1050 1100 1200 1500
R
i n i t i a l
medial
f i n a l
10.00
9 .8 3
10.33
23.34
19.37
19.50
40.00
31.00 
34.17
50.17
39.00
39.50
43.13
35.30
30.63
41.84 
35.17
35.84
42.00
30.16
31.50
38.33
27.17
28.17
20.50
12.67
13.67
I p s i l a t e r a l
L
i ni t i  al
medial
f i n a l
11.50
11.50 
10.16
30.16
16.16 
20.16
41.67
33.17
39.00
48.50
38.33
39.66
42.63
37.96
36.80
44.33 
34.84
35.34
41.33
30.83
31.50
40.50
28.16
28.33
21.84
15.50
18.67
R
i n i t i a l  
medi a l 
f i n a l
13.66
10.16
10.33
9 .83
8.67
9.50
16.50 
9 .83
11.50
14.67
9 .17
10.84
14.50
10.00
7.83
16.33
10.00
9.16
14.00
9.50
10.16
16.50
10.83
9.50
11.50
10.67
9.50
C o n t r a la te r a l
L
i n i t i a l  
inedi al 
f in a l
10.17
9 .1 7
9 .1 7
13.67
9 .67
12.34
14.50
12.84
12.34
16.16
11.16
10.66
16.00
10.83
11.50
14.33
9.83
12.16
14.87 
9 .70
10.87
17.50 
11.00
12.50
13.16
9.66
11.50
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Figure 12. Ipsilateral and Contralateral masking
patterns for Subject # 2 .
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Figure 13. Ipsilateral (upper curves) and 
Contralateral ( low er  curves)  masking patterns for 
Initial, Medial and Final posit ions for S u b je c t  # 2 .
Appendix D
Subject #3 Results
TABLE 15
SUBJECT # 3 DATA (CODED) FOR EACH EAR, MASKING 
CONDITION, FREQUENCY AND TEMPORAL DELAY
Masking
C ondition Ear
Temporal
Delay 500 800 900
Maskee Frequencies (Hz) 
950 1000 1050 1100 1200 1500
R
i n i t i a l  
medi al 
f i n a l
10.50
10.50
10.50
24.67
22.00
24.34
37.50
33.50 
37.67
44.50
39.50 
39.67
41.64
38.97
40.14
43.00 
36.67
41.00
35.70
29.70 
33.00
22.50
19.50
22.50
10.50 
10.66
11.50
I p s i l a t e r a l
L
i n i t i a l  
medi al 
f i n a l
10.33
10.67
10.50
19.16 
16.00
19.16
35.33
29.00
32.66
39.66
36.50
36.16
40.63
34.80
40 .13
44.17
37.00
38.00
31.67
29.67 
30.34
16.50
12.50 
16.00
11.33
10.83
11.00
R
i n i t i a l  
medi al
f i n a l
11.17
10.50
12.50
10.67
10.00
11.50
13.83
T3.50
14.67
11.33
10 .17
13.50
9 .67
11 .17
14.50
13.50
13.00
12.83
14.66
10.16
10.83
11.16
11.00
10.83
11.66
10.16
10.33
C o n tr a la te r a l
L
i n i t i a l  
medi al 
f i n a l
11.00
11.33
12.67
10.00
10.00
11.00
10.50 
9 .6 7
10.50
9 .84
10.84
11.17
10.16
10.83
13.50
7.66
10.16
10.16
12.00
11.83
12.33
1 2 .5J 
13.16 
13.66
12.83
11.83
10.83
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Figure 1 4 . Ipsilateral and Contralateral masking
patterns for Subject #3.
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Figure 15. Ipsilateral (upper curves)  and 
Contralateral (lower curves  ) masking patterns for 
Initial, Medial and Final posit ions  for Subject  # 3 .
Appendix E
Subject #4 Results
TABLE 16
SUBJECT # 4 DATA (CODED) FOR EACH EAR, MASKING 
CONDITION, FREQUENCY AND TEMPORAL DELAY
Masking
Condition Ear
Temporal
Delay 500 800 900
Maskee Frequencies (Hz) 
950 1000 1050 1100 1200 1500
R
i n i t i a l
medial
f i n a l
13.50
11.17
10.84
24.00
22.83
21.66
37.50
33.50 
32.67
40.17
34.00
40.83
40.30
37.80
39.80
37.67 
33.34
36.67
32.50
30.33
30.43
20.50
15.67
18.67
13.00
11.33
10.66
I p s i l a t e r a l
L
i n i t i a l  
medial 
f i n a l
14.50
11.00
11.00
19.67
18.34
19.34
37.16
32.16 
31.66
38.83
33.50
37.50
41.30
33.63
32.47
41.66
31.50
36.33
32.66 
29.83
31.66
25.17
21.83
22.00
21.66
13.00
13.66
R
i n i t i a l
medial
f i n a l
13.16
10.16 
11.83
17.84 
9 .50
11.84
18.33
10.50
12.00
18.50 
12.00
12.50
19.17
10.83
8.83
18.16
12.50
11.00
18.50
12.34
10.34
13.33
10.17
10.00
12.33 
11.50
12.33
C o n t r a la te r a l
L
i n i t i a l
medial
f i n a l
12.16
9 .33
9 .66
13.17
10.17 
10.34
12.16
9.50
9 .33
13.00
11.50
11.83
12.83
8.66
9 .03
15.83
12.50
12.33
14.00
10.66
10.83
12.17
12.00
10.50
13.66
10.83
10.16
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Figure 16. Ipsilateral and Contralateral masking
patterns for Subject #4 .
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Figure 1 7 .  Ipsilateral (upper c u rv e s )  and 
Contralateral ( lower curves)  m asking  patterns for 
Initial, Medial and Final posit ions for S u b je c t  # 4 .
